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FOEEWORD 


At the beginnings of a work of this kind, it is perhaps timely and 
appropriate to consider some of the effects of the recent war upon medi- 
cine and its future. 

“ War begets Poverty — Poverty Peace, 

Peace begets Itiches — Fate will not cease. 

Riches beget Pride — Pride is War’s ground, 

War begets Poverty, and so the w'orld goes round.” 

So runs an old saw, which seems to explore the causes of wars pretty 
thoroughly. AVhatever its causes, the initial impact of the European 
war was as sudden and unaccountable as the great ei)idemic of influenza 
which attended its close and which has been relatively more destructive. 
In both instances, it seemed, at the start, as if the resources of Science 
had been brought to a standstill. The medical profession found itself 
face to face with new problems -which taxe<l its ingenuity to the utter- 
most. But, in nearly every case, difficulties were promptly met and a 
solution found. 

The first great problem was that of organization and team-work. 
In America alone, nearly 35,000 physicians were in uniform for the 
first time. They had to deal with such probhmis as the relation between 
the tempo of evacuation of the wounded and the rate of wound-healing, 
the examination of recruits, the service of medical supplies and sanita- 
tion, the management of military hospitals and hospital areas of vast 
capacity. At the front, one of the new functions of tlie Medical Corps 
was that of a human salvage corps, responsible not only for the care of 
the healthy and the disabled, but also for the eventual return of the 
greatest possible number of sick and wounded men to the trenches. 
Base Hospital practice and sanitation were conducted on a grand scale. 
From this experience, the practitioner from civil life learned much that 
is new about the organization of hospital work, tlie standardizing of medi- 
cal practice, and community medicine in general. The profession 
everywhere has learned to think in larger terms. 

Terrible and destructive as this -war has been, yet on the medical 
side, compensations and benefits have accrued from it. The front has 
been a great outdoor school for sanitarians, surgeons, internists, neu- 
rologists and physiologists. We now know more about the various war 
neuroses, disorders of the peripheral nerves, the “effort syndrome “ and 
other functional cardiac disturbances, trench nephritis, trench fever, 
“five-day fever,” the toxic and parasitic jaundices, the different pneu- 
monias, the pathological effects of gassing, the psychology of soldiers, 
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the physiology of air-men, wound-infection, wound-shock, wound-treat- 
ment and reconstructive surgery. Typhus and the typhoidal diseases, 
the dysenteries, measles, mumps, meningitis, influenza, and other camp 
infections have been checked and finally suppressed. The dreadful 
pandemic which is still raging has slain more than have bullets and 
explosive shells. As the old proverbs tell, famine, disease and war usu- 
ally go together. Much has been learned about food economics, food 
inspection, ihe effects of artificial or synthetic foods, the metabolism of 
starvation and the deficiency diseases. Infant welfare, the most un- 
military of subjects, has received a new impetus from this war. Its re- 
cent administration in France has been largely military, “under the 
shadow of swords.” The war has evolved at least one new surgical 
principle, that of the excision of devitalized tissue in gunshot wounds. 
The new antiseptics devised by Dakin and Carrel are now to be tried 
out in civil practice. In the management of venereal diseases, we have 
learned the importance of the ethical side, the development of clean 
manhood, in making men “fit to fight.” 

One curious effect of w'ar-time excitement and war-fatigue is the 
notion, now springing up in different countries, that medicine is in a 
chaotic state, at the end of its tether, necessitating a revision of basic 
principles. Englishmen are harking back to English medicine, French- 
men to French medicine, and Germans to German medicine. Sir Clifford 
Allbutt, one of the veterans of our profession, declares, however, that 
the revolutionary changes of the last half decade have brought about a 
“new birth of medicine,” that the close of the war is “the greatest 
moment in the history of medicine.” The greater medicine of our 
time is experimental and preventive. Nearly all branches of medicine 
have advanced from the stationary or descriptive stage to the “dynamic” 
or experimental stage, in which laboratory medicine is applied to the 
prevention of disease. If you cannot reproduce a disease experimentally, 
you can seldom prevent it, or even treat it. Through the newer physi- 
ology of the nervous system, the digestive organs, the ductless glands, 
even anatomy. Allbutt says, has ceased to be static and has become 
dynamic. The physical principles of absorption, adsorption, osmosis, 
liquid films and surface tension arc directly applied in physiology and 
pathology. The chemistry of enzymes, proteins, amino-acids, and carbo- 
hydrates, colloids, hormones and internal secretions, vitamins and syn- 
thetic foods, and of toxins, antitoxins and sera, is applied to the treat- 
ment and prevention of disease. Parasitology has given us the means 
of preventing malarial fever, yellow fever, hookworm infection, typhus 
fever and many tropical infections. Laboratory chemistry has devised 
new remedies for these parasitic diseases. Comparative pathology is 
throwing new light on human pathology. Of the gouty diathesis. Allbutt 
inquires: “Is a gouty man a kind of bird?” Some diseases, he says, 
are better studied in animals, some in plants. Experimental medicine 
and clinical medicine must fertilize each other henceforth. The bedside 
doctor and the laboratory investigator are now mutually dependent. 
The different sciences are and will be dependent upon one another. In 
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this matter of cooperation and coordination, much can be learned from 
the recent experiences of the profession in military medicine, which has 
given the doctor an opportunity to deal with his subject on a larger 
scale than ever before. 

M. W. Ireland, 

Surgeon General, U. S. Army. 




PREFACE 


It must be self-evident to all, especially those actively engaged in 
the practice or study of medicine, that new and important chapters 
are constantly being added, while many of the previously accepted ideas 
must be modified or entirely abandoned. 

The history of medicine reveals constant changes with periods of 
marked progress. Comparatively, no era in the past can by any means 
equal the present in the rapid progress which is being made in true 
scientific medicine. This has been made possible by the achievements 
in the collateral branches, by the many new and applied clinico-labora- 
tory methods, the introduction of various instruments of precision, the 
admirable modern clinical laboratories w’ith the scores of earnest, sin- 
cere and determined workers, inspired with the spirit of original inves- 
tigation. 

Truly, the impossibilities or the day-dreams of yesterday have be- 
come the demonstrated and accepted facts of to-day. In addition to 
this marvelous progress, the present is equally remarkable for the 
varied and diversified activities in the various fields of medicine, each 
carried on in some locality most favorable to the growth of science by 
some particularly qualified individual or group of workers. 

To keep informed of the numerous and ever-changing additions to 
medical knowledge is no easy task. A thorough review of the voluminous 
literature is impossible. Rejuvenating a library by frequent new edi- 
tions has been tried and found wanting in more ways than one. To 
obviate this unnecessary expense and to furnish a means of ready ref- 
erence to the most recent literature, an abstract service as a supplement 
to the present work has been adopted. 

While following an etiologic basis, as far as possible, in the classi- 
fication of the diseases, each article is written with the predominating 
idea of presenting the most important clinical manifestations, physical 
signs and means of diagnosis, with the appropriate and accepted treat- 
ment. This must be a source of satisfaction to the clinician and the busy 
practitioner. 

The present work was undertaken, and well under way, before our 
country entered the late war. As soon as war was declared all activities 
were suspended as a patriotic duty. With cessation of hostilities and 
the return of the many contributors from active service, work was re- 
sumed with an increased vigor. 

The task imposed upon the editor has been most congenial and 
profitable, made so by the hearty cooperation of contributors and 
publishers. 
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appreciation is impossible. Sincere thanks are due the various contribu- 
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pletion. 
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DISEASES OP THE SPINAL CORD 
EDWARD LIVINGSTON HUNT, A.B., M.D. 

{College of Physicians and SurgconSf Columbia Vniversily) 

Assistant Professor of Clinical Neurology, College of Physicians and Surgeons 
Visiting Neurologist, City Hospital; Attomling Ni'urologist, St. Luke’s Hos- 
pital; Consulting Neurologist, Lincoln IIos]ntal, French I{osi)ital, Nyack 
General Hospital; diief Clinic, Neurology, St. Luke’s O. P. 1>. 

NEW YORK CITY 

HYSTERIA 

SMITH ELY JELLIFFE, A.B., A.M.. M.D., Ph.D. 

(College of Physicuins and Surgeons, Columbia University) 

Formerly Instructor, C^)luiubia University; Formerly Associate I’rofessor of Dis- 
eases of JMiiul and Nervous System, Post-graduate Hospital and Medical 
School; Formerly Professor of Psychiatry, Fordhaiii University; 
Consulting Neurologist, Manhattan State Hospital; Kings 
Park, New York; Tarry town 
NKW YORK CITY 

MEASLES, GERMAN MEASLES AND MUMPS 

WILLIAM ALBERT JENKINS, A.M., M.D., F.A.C.P. 

(U nirersity of Louisville) 

I’rofessor of (''linical Medicine, University of Louisville; Hospital Staff Pliysieian, 
Louisville (’ity Hosj)ital, St. Anthony’s Hosjutal, Kentucky Haptist Hospital, 
J^<tuiHville and Jefferson County t.'liildren's Ihmie 
LOriKVILLE 

TYPHOID, PARATYPHOID, COLON BACILLUS INFECTIONS 

CHARLES GODWIN JENNINGS, M.D. 

(Detroit Medieal College) 

Formerly Professor of Medicine, Head of Dejiartnient, Detroit College of Medicine 
and Surgery: Physician, Grosso Pointo Hosjdtal and Chairman f»f the Medical 
Hoard; Consulting I’hysician, Harper Ho.spital, (Children’s Free IIos}>ital, 

U. S. Marine Hospital 

PETKOIT 

AND 

PLINN FREDERICK MORSE, A.M„ M.D. 

(University of Michigan) 

Formerly Instructor of Pathology, ITniversity of Michigan Medical School; Director 
of the Huhl Memorial Laboratory; Pathologist to narj>er Hos])ital 
DETROIT 

AND 

ALPHEUS FELCH JENNINGS. A.B., M.D. 

(Harvard) 

Interne Teaching, Harper Hospital; Junior Attending Physician, Harper Hospital 
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DISEASES OF THE LUNGS 
LOUIS F. JERMAIN, M.D. 

{Northwestern University) 

Director of Department of Medicine, Marquette University School of Medicine; 
Milwaukee County Hospital, St. Joseph’s Hospital, Marquette University 
Hospital 

MILWAUKEE 

ALCOHOLISM AND DRUG ADDICTION 

STEPHEN PERHAM JEWETT, A.B., M.D. 

(Clark University) 

Mental Hygiene, New York School of Social Work; Director of Mental Hygiene 
Clinic, Hudson Guild, New York; Consulting Psychiatrist and Director of Ro- 
seiircli, Berkshire Industrial Farm, Canaan, New York; Formerly Alienist, 
Psychiatric and Prison Services, Bellevue Hospital, New York; 

Attending Psychiatrist, United States Veteran’s Hospital, 

New York City; Deputy Medical Examiner, Bureau of 
Deportation, New York State Hospital Commis- 
sion; Psychiatrist, Bureau of Children’s 
Guidance, New York 

NEW YOKK CITY 

DISEASES OF THE PANCREAS. DISEASES OF THE SALIVARY 
GLANDS 

HENRY JOACHIM, M.D., F.A.C.P. 

(Cornell University Medical College) 

(Minical Professor of Medicine, Long Island College Hospital; Attending Physician, 
Long Island College Hospital; Chief of Medicine, Both Israel Hospital, Zion 
Hospital, Beth Moses Hospital 
BROOKLYN 

HEAT EXHAUSTION 

LOUIS C. JOHNSON, M.D. 

(Western Jteserve University School of Medicine) 

Instructor in Clinical Microscopy, L<’ng Island College Hospital 

BBOOKiiTN 


GASTRIC ULCER, DUODENAL ULCER, EROSIONS. HEMORRHAGE, 
ACUTE AND CHRONIC DUODENITIS. DIVERTICULA OF 
THE DUODENUM 

ALLEN A. JONES, M.D. 

(University of Buffalo) 

Professor of Medicine, University of Buffalo; Attending Physician-in-Chief, Buffalo 
City Hospital; Attending Physician, Buffalo General Hospital, etc. 

BUFFALO , 


EDWARD CHARLES KOENIG, M.D. 

(University of Buffalo) 

Associate Professor in Radiology, University of Buffalo; Attending Radiologist, 
Buffalo General Hospital 

BUFFALO ' 
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FUNCTIONAL DIAGNOSIS ♦ 

MAX KAHN, A.M., Ph.D.. M.D. 

{Cornell University Medical College) 

Director of Department of Laboratories and Cliicf of Clinic of Diseaaea of Metab- 
olism, Beth Israel Hospital; Associate in Biolo^cal Chemistry, College of 
Physicians and Surgeons, Columbia University 

NEW YORK CITY 
AND 

MORRIS HIRSCH KAHN. A.M., M.D.. F.A.C.P. 

{Cornell University Medical Collegr) 

Instructor of Post-graduate Courses in Diagnosis and (\ardi()logy, lletli Israel Hos- 
pital; Chief of Department of Cardiovascular Diseases, Beth Israel Hospital 

NEW YORK CITY 
AND 

JACOB ROSENBLOOM, B.S., Ph.D., M.D. 

{College of Physicians and Surgeons, Colvmhin University) 

Formerly Associate in Biochemistry, College of Physicians and Surgeons, Columbia 
University; Formerly Assistant Professor of Biological Chemistry, 
University of Pittsburgh 
PITTSBURGH 

THE CEREBROSPINAL FLUID AND ITS RELATION TO HEALTH 
AND DISEASE 

DAVID J. KALISKI, M.D. 

{College of Physicians and Surgeons, Columbia University) 

Assistant Surgeon, Mount Siiiai llosi^ital (Chief of Oenito-urinary (-linic) ; Former 
Kerologist, Pathologic Laboratory, Mount Sinai Hospital; Consulting Bact(*ri- 
olugist and Sorologist, Hebrew Orphan Asylum 
NEW YORK CITY 

PARALYSIS AGITANS, CHOREA, THE MYOCLONIAS AND ALLIED 
DISORDERS (DYSKINESIAE) 

MOSES KESCHNER, M.D., LL.B. 

{College of Physicians and Surgeons, Crlvmbia University) 

Instructor in Neurology, Columbia University; Attending Neurologist, Montefiore 
Hospital, People’s Hospital; Adjunct Neurologist, Mount Kinai Hospital; 
Consulting Neurologist, Newark Beth Israel Ho.si)ital ; Member 
of American Neurological Association, New York 
Neurological Society 
NEW YORK CITY 

MYOCARDITIS, ANGINA PECTORIS AND THE INSTRUMENTS OF 
PRECISION IN THE DIAGNOSIS OF HEART DISEASES 

ALEXANDER LAMBERT, M.D. 

{College of Physicians and Surgeons, Columbia University) 

Attending Physician, Bellevue Hospital; Consulting Physician, Booth Memorial Hos- 
pital, Perth Amboy Hospital, Nyack .Hospital, Greenwich Hospital 
NEW YORK CITY 

* Bevised by Morris Hirdch Kahn. 
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CEREBROSPINAL FEVER 

JAMES P. LEAKE, A.B., M.D. 

{Harvard) 

Past Assistant Surgeon, United States Public Health Service, Hygienic Laboratory 

WASHINGTON, D. C. 


SYPHILIS 

VICTOR D. LESPINASSE, M.D., F.A.C.S. 

{Northwestern University) 

Associate Professor of Genito-urinary Surgery, Northwestern University Medical 
School; Member, American TJrological Association and American Association 
of Genito-urinary Surgeons; Ex-president, Chicago Urological Society 
CIIKJAGO 


WHOOPING-COUGH 

MANSFIELD G. LEVY, M.D. 

{University of BuffaJo) 

Assistant in Pediatrics, University of Buffalo; Assistant Attending Pliysician in 
Pediatrics, Buffalo City Hospital; Assistant Attending Physician, Krnest 
Weiide Hospital for Contagious Diseases, Municipal Tuberculosis 
Hospital 
BUFFALO 


APPENDICITIS 

JOHN A. LICHTY, M.D., Ph.D. 

{University of Pennsylvania) 

Consulting Physician, Presbyterian Hospital, Pittsburgh; Superintendent and Med- 
ical Director, Clifton Spiings Sanatarium and Clinic, Clifton Si)ring8, 

New York 

CLIFTON SPRINGS, NEW YORK 


DISEASES OF THE LOWER COLON AND RECTUM 

JEROME M. LYNCH, M.D., F.A.C.S. 

{Bush Medical Colie ffe, Queen* s College^ Edinburgh, Queen's College, Dublin) 

Professor of Proctology, Polyclinic Hospital; Polyclinic Hosyntal, Pan-American 

Hospital 
NEW YORK CITY 
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ACUTE AND CHRONIC ENTEROCOLITIS AND ULCERATIVE 
ENTEROCOLITIS 


B. B. VINCENT LYON, A.B., M.D., F.A.C.P. 

(Johns Hopkins Universitp) 

Associate in Medicine, Jefferson Medical College; Chief of Clini<*, Gastro-intestinal 
Department, Jefferson Hospital; Consultant in Oiistro-enterology, Newcomb 
Hospital, Vineland, New Jersey 
PHILADELPHIA 


HENRY J. BARTLE, B.S., M.D. 

(Univvrsily of Tninsylvania) 

Senior Clinical Assistant in Gastro-enlerologic ('linic, Jefl\‘rson Hospital; J^'ormerly 
Assistant Physician in charge of Gastro-enierologie Division of the Medical 
Clinic, Lankenau Hospital 
PHILADELPHIA 


DISEASES OF THE THYROID AND PARATHYROID GLANDS 

DAVID MARINE, A.M., M.D. 

(Johns Hopkins VnivirsHy) 

Formerly Assistant l*rofessor of Experimental Medicine, Western Reserve University; 
Assistant I’rofessor of Pathology, (^iluinhia University; Director of Labora* 
tories, Montoliore Hospital 
NEW YORK CITY 


TRAUMATIC NEUROSES 

EDWARD E. MAYER, A.M., M.D. 

(Wrsfern Pennsylvania Medical CoUcyc) 

Associate I’rofeasor of Psychiatry, University of Pittsburgh; Neurologist, Presby* 
terian Hospital, Routhside Hospital, Montefioro Hospital; C’onsulting Neurolo- 
gist, Mayview City Hospital 
PITTSBURGH 


LEPROSY 

GEORGE W. McCOY, M.D. 

(University of Pennsylvania) 

Surgeon, U. S. Public Health Service; Director, Hygienic Ijaboratory, Washington, 
D. C. ; Member, American Association of Pathologists and Bacteriologists, 
American Society of Tropical Medicine; Formerly Directiw of the United 
States Leprosy Investigation Station, Hawaii; Formerly Director 
of the United States Plague Laboratory, San Francisco 
WAKIIINOTON, D. C. 
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CONTRIBUTORS 


DISEASES OF THE KIDNEY 

JAMES B. McELROY, B.S., M.D., P.A.C.P. 

{College of Physicians and Surgeons, Baltimore) 

Professor of Medicine, University of Tennessee; Member of Staff, Memphis Gen- 
eral Hospital, Baptist Memorial Hospital, Methodist Hospital, St. Joseph’s 
Hospital, Gartley-Bamsey Hospital 
MEMPHIS 

DISEASES OF THE PERITONEUM 

ALEXIUS McGLANNAN, A.M., M.D., LL.D. 

{College of Physicians and Surgeons, Baltimore) 

Professor of Surgery, University of Maryland; Chief Surgeon, Mercy Hospital 

BALTIMORE 

GOUT. DIABETES INSIPIDUS, OBESITY, LIPOMATOSIS, 
HEMOCHROMATOSIS AND OCHRONOSIS 

WILLIAM FLETCHER McPHEDRAN, A.B., M.B. 

{University of Toronto Faculty of Medicine) 

Demonstrator in Clinical Medicine, In Charge of Course in Clinical Microscopy, 
University of Toronto Faculty of Medicine; Junior Assistant Physician, 
Toronto General Hospital 
TORONTO, CANADA 


SPRUE 

CARL MICHEL, M.D. 

{University of Illinois College of Medicine) 

Collaborating Member, Institute of Tropical Medicine and Hygiene, San Juan, Porto 
Rico; Honorary Councillor of Public Health of The Republic of Mexico; Di- 
rector of Rural Sanitation, Arkansas State Board of Health, Little 
Bock, Arkansas 
PORTO RICO 


CONSTIPATION, MUCOUS COLITIS, INTESTINAL STASIS AND 
TOXEMIA 

WILLIAM GERRY MORGAN, A.B., M.D. 

{University of Pennsylvania) 

Professor of Gastro-entcrology, Georgetown University; Consulting Staff, Garfield 
Memorial Hospital, Georgetown University Hospital 
WASHINGTON, D. C. 


DIABETES MELLITUS 

HERMAN O. MOSENTHAL, A.B., M.D. 

{College of Physicians and Surgeons, Columbia University) 

Professor of Medicine,- New Yorfe Post-graduate Medical School and Hospital; At- 
tending Physician, New York Post-graduate Medical School and Hospital 
NEW YORK CITY 
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MENINGITIS OTHER THAN THE EPIDEMIC FORM AND MENIN- 
GEAL HEMORRHAGE, TUBERCULOUS MENINGITIS, MENIN- 
GEAL HEMORRHAGE AND PACHYMENINGITIS HEMOR- 
RHAGICA. PURULENT MENINGITIS NOT CAUSED 
BY THE MENINGOCOCCUS 

JOSEPHINE B. NEAL. A.B., M.D., D.S. 

(Cornell Univentity Medical College) 

Chief of Meningitis Division, Research Laboratory, Health Department of the City 
of New York; Director of the W. J. Matheson Survey of Epidemic Encephalitis 
NEW YORK CITY 


RICKETS AND INFANTILE SCURVY 

FRANK C. NEFF, M.D. 

(University Medical College of Kansas City) 

Head of the Department of Pediatries, School of M(‘dicine, TTniveraity of Kansas; 
Visiting Pediatrician to Kansas City General Hospital, Bell Memorial Hospital, 
St. Luke’s Hospital 
KANSAS CITY, MO. 


PYOGENIC INFECTIONS 

MAX MINOR PEET, A.B., A.M., F.A.C.S. 

(University of Michigan) 

Associate Professor of Surgery, University of Michigan; Cliief of Neurological 
Surgery, University Hospital; Assistant Professor of Kurgery, University of 
Michigan Medical School 
ANN ARBOR 


FUNCTIONAL DISTURBANCES OF THE STOMACH 

GEORGE MORRIS PIERSOL, B.S., M.D. 

(University of Pennsylvania) 

Professor of Medicine, Graduate School of Medicine, University of Pennsylvania; 
Physician, Graduate Hospital of the University of Pennsylvania, Pliiladclphia 
General Hospital, Methodist Episcopal Hospital; Consulting Physician, 
Chestnut Hill Hospital, Abington Memorial Hospital 

PHILADELPHIA 


TYPHUS FEVER 

HARRY PLOTZ, M.D. 

(College of Physicians and Surgeons, Columbia University) 

Member of Staff, Pasteur Institute, Paris; Director of Laboratory, American Hoi- 

pital, Paris 
BROOKLYN 
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CONTRIBUTORS 


CEREBRAL PALSIES OF CHILDHOOD 

CHARLES S. POTTS, M.D. 

{University of Pennsylvania) 

Professor of Neurology, Graduate School of Medicine, University of Pennsylvania; 
Neurologist, Graduate Hospital, University of Pennsylvania, Philadelphia Gen- 
eral Hospital, Lankenau Hospital; Fellow of the American Neuro- 
logical Association 

PHILADELPHIA 


CHRONIC ENDOCARDITIS 

THOMAS F. REILLY, M.S., M.D. 

{University and Bellevue Hospital Medical College) 

Formerly Professor of Theory and Principles of Practice of Medicine, Fordhain 
University School of M(>dieine; Attending Physician, Bellevue and Allied Hos- 
pitals, Fordham Division, and Saint Vincent’s Hospital 
NEW YORK CITY 


EIGHTEENTH CENTURY MEDICINE 

C. W. G. ROHRER, B.S., A.M., M.D., Ph.D. 

{College of Physickms and Surgeons, Baltimore) 

Formerly Associate Professor of Pathology and Assistant in Gen ito-uri nary Dis- 
eases, College of Physicians and Surgeons, Baltimore; Assistant Chief, Bu- 
reau of Communicable Diseases, Maryland State Department of Health 


-©lARRHEAS OF EARLY LIFE 

JOHN RUHRAH, M.D. 

{College of Physiciaiis and Surgeons, Baltimore) 

Professor of Diseases of Children, University of Maryland Medical School; Con- 
sulting Pediatrist, Church Home and Infirmary, Baltimore City Hospital; 
Visiting Pediatrist, Mercy Hospital, Hospital for the Women of 
Maryland 
BALTTMORE 


BACILLARY DYSENTERY 

FREDERICK FULLER RUSSELL, M.D., Sc.D. 

{College of Physicians and Surgeons, Columbia University) 

Formerly Professor of Pathology and Bacteriology, George Washington University 
Medical School; Formerly Professor of Hygiene and Bacteriology, Army 
Medical School 


BROOKLYN 
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DISEASES OF THE KIDNEY, TUBERCULOSIS OF THE GENITO- 
URINARY SYSTEM 

ANTON G. RYTINA, A.B., M.D., RA.C.S, 

{Vniversitif of Maryland) 

Professor of Geiiito-iirinniT’ Surgery, University of Maryland; Cliief Qenito-iirinary 
Surgeon, University Hns|iital, Merey Hospital, Morrow llt>sj>]tal for Urological 
Diseases; Visiting ronsultant Physician, United States Veteran \s Bureau; 
Member, American Urological Association, Southern ^fedical 
Association 
BALTIMORK 


ACHYLIA GASTRICA 

JOSEPH SAILER, M.D., Ph.B. 

(University of Pennsylvania) 

Professor of Clinical Medicine, University of Pennsylvania; Philadelphia General 
Hospital, University Hospital, Presbyterian Hosidtal 
PHlliADKLFIIIA 


DISEASES OF THE ADRENAL, THYMUS. PINEAL AND 
GENERATIVE GLANDS 

LOUIS T. de M. SAJOUS, B.S., M.D. 

(University of Pennsylvania) 

Associate Professor of Pharmacidogy, Temple University Jtepartment of Medicine 
Endocrinologist, Charity Hospital 
rillLADEI.PlIIA 


CARBON MONOXIDE POISONING 

R. R. SAYERS, A.B., A.M., M.D. 

(University of Jinffalo School of Mf divine) 

Surgeon, T'nited States Public Health SerAice; Chief Surgeon, T’liitcd States Bureau 

of Mim‘S 

WASIIINOTON, ». 0. 


MORBID CONDITIONS DUE TO CHANGES IN BAROMETRIC 
PRESSURE 

J. W. SCHERESCHEWSKY, M.D. 

(Dartmouth Medical Sehord) 

Assistant Surgeon‘Gcncral, United States Public Health Service 

BOSTON 
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ENTAMEBIC DYSENTERY, BALANTIDAL DYSENTERY. THE 
FLAGELLATE INFECTIONS AND COCCIDOSIS 

SIDNEY K. SIMON, A.B., M.D. 

(Tulane University of Louisiana School of Medicine) 

Professor of Gastro-enterology, Post-graduate School of Medicine, Tulane University; 
Associate Professor of Medicine, Under-graduate School of Medicine, Tulane 
University; Chief of the Department of Gastro-enterology, Touro In- 
firmary 

NEW ORLEANS 


ANAMNESIS. EXAMINATION OF THE STOMACH, EXAMINATION 
OF THE GASTRIC AND DUODENAL CONTENTS 

IN COLIABORATION WITH 

DANIEL N. SILVERMAN, M.D. 

(Tvlnne University of Louisiana School of Medicine) 

Associate Professor of Gastro-enterology, Graduate School of Medicine, Tulane 
University; Instructor in Medicine, School of Medicine, Tulane University; 
Senior Associate in Gastro-enterology, Touro Infirmary 

NEW ORLEANS 


NEURASTHENIA 

H, DOUGLAS SINGER, M.D., M.R.C.P. (Lond.) 

{Boyal College of Physicians, London) 

Professor of Psychi.'itry, University of Illinois College of Medicine; Attending 
Psychiatrist, Milwaukee Sanitarium, Milwaukee, Wisconsin 


INTESTINAL OBSTRUCTION 

HORACE W. SOPER, M.D. 

(Washington University Medical School) 
ST. LOUIS 


DISEASES OF THE BONES AND JOINTS 


ROBERT SOUTTER, A.B., M.D., F.A.C.S. 


(Harvard) 

Instructor in Orthopedic Surgery, Medical School of Harvard University; Associate 
Surgeon, Children’s Hospital, Boston; Surgeon-in-Chief, House of the Good 
Samaritan; Member, American Orthopedic Association 


BOSTON 
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DENGUE AND MALTA 9EVER 
EDWARD R. STITT, A.B., M.D., Sc.D., LL.D. 

(University of Pennsylvania) 

Rear Admiral, Medical Corps, U. S. Navy; Surgeon-General, IT. 8. Navy; Member 
Federal Board of Hospitalization, Central Committee, American Bod Cross, 
Association of American Physicians, American Society of Tropical Medicine, 
American Association of Immunologists; Fellow, American College 
of Surgeons, American College of Physicians 

WASHINGTON, D. C. 

SPINAL TUMORS 

ISRAEL STRAUSS, A.M., M.D. 

(College of Physicians and Surgeons, Cohrmhia Vnivrrsify) 

Attending Neurologist, Mount Sinai Hospital 
NEW YORK CITY 

THE MYCOSES 

RICHARD L. SUTTON, M.D., Sc.D., LL.D., F.R.S. (Edin.) 

(George Washington University Medical School) 

Professor of Dermatology, University of Kansas; Dermatologist, Bell Memorial 
nos]>ital, The Armour and Nottlcton Homes for the Aged, Tho HwolTord 
Homo for Children, Wesley Hospital, Santa F6 Hospital Association; Visit- 
ing Dermatologist, Kjmsas (Mty Oeneral Hospital 

KANSAS CITY, MO. 

PERICARDITIS 

FREDERICK TICE, M.D. 

(Hush Medical College) 

Clinical Professor of Medicine, University of Chicago, Rush Medical C’ollege; Fo 
merly Professor of Medicine and Clinical Medicine and Head of tl>e Department 
of Medicine, University of Illinois College of Medicine 

CHICAGO 

RHEUMATIC FEVER 

ROBERT G. TORREY, M.D. 

(University of Pennsylvania) 

Associate in Medicine, University of Pennsylvania; Associate Professor of Medicine 
Graduate School of Medicine, University of Pennsylvania; Visiting Physician, 
Philadelphia General Hospital; Consulting Physician, Delaware County 
Hospital 


PUILADtfiLPHIA 
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CONTEIBUTORS 


CRANIAL NERVES AND THEIR DISEASES 

BEVERLEY R. TUCKER, M.D. 

{Medical College of Virginia) 

Professor of Neurology and Psychiatry, Medical College of Virginia; in Cliarge of 
Tucker Sanatorium, Inc.; Neurologist, Memorial Hospital and Johnston- 
Willis Hospital; Consulting Physician, Virginia State Epi- 
leptic Colony, Lynchburg, Virginia 

RKUIMOND 

SCURVY AND BERIBERI 

EDWARD B. VEDDER, A.M., M.D., Sc.D. 

(University of Pennsylvania) 

WASIlINOrONT, D. C. 

ANCIENT MEDICINE, MEDIEVAL MEDICINE, SIXTEENTH AND 
SEVENTEENTH CENTURY MEDICINE, MODERN MEDICINE 

JAMES J. WALSH, M.D., Ph.D., Sc.D., Litt.D. 

(University of Pennsylvania) 

Medical Director, School of Sociology, Fordham University; Professor of Physi- 
ological Psychology, Cathedral College; Consulting Neurologist, Mca-cy Hos- 
pital, Hempstead, New York, Chanijdain Valley Hospital, Plattsburg, 

New York, St. Agnes Hospital for Cripijled Children, Wliite Plains, 

New York, IIoai)ital for Crippled Children, New York City 

NEW YORK CITY 

DISEASES OF THE ARTERIES AND CLINICAL BLOOD PRESSURE 

LOUIS M. WARFIELD, A.B., M.D. 

(Johns Uoplchis IJviversily) 

Formerly Professor of Internal Medicine and Head of Department of Internal Med- 
icine, University of Michigan, Ann Arbor; Milwaukee County Hospital, 
Columbia Hospital 
MILWAUKEE 

DISEASES OF THE BRONCHI 

LUTHER FISKE WARREN, A.B., M.D., F.A.C.P. 

(University of Michigan) 

I'rofessor of Internal Medicine, Long Island (College Hosiutal; Chief of Medical 
Service, Long island College Hospital 
BROOKLYN 

MILIARY TUBERCULOSIS AND TUBERCULOSIS OF THE 
LYMPHATIC SYSTEM 

BERTRAM "h. WATERS, A.M., M.D. 

(College of Physicia7is and Surgeons, Columhia University) 
Physician-in-OIiief, Loomis Sanitarium 

LOOMIS, NEW YORK 
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GLANDULAR FEVER, APHTHOUS FEVER 

WALTER F. WATTON, A.B., M.D. 

(University of Miehiffan) 

Instructor in Pediatrics, Long Island College Hospital 
BROOKLYN 


ACUTE ENDOCARDITIS 

HENRY GOODWIN WEBSTER, A. B., M.D., F.A.C.P. 

{('olleyc of Physiemns anti SiirymnSf Coinmhin V Diversity) 

Visiting IMiysician, Mctliodiat E[>iscopal Hospital, Brooklyn; Editor, Long Island 

Medical J oui-nul 


THE PLAGUE 

WILLIAM BUCHANAN WHERRY, A.B., M.D. 

(Itnsh Mftlieal Coileyr') 

Professor of Bacteriology and Hygiene, Aledical t’cdlege, Pniversily of Citn'lnnati: 
Bacteriologist, (’incinnati General Hospital 
OINOINNATI 


INTESTINAL NEUROSES 

FRANKLIN W. WHITE, B.S., M.D. 

(Harvard) 

Instructor in Medicine, Harvard TTniversity; Visiting Physician, BoHt«>n City Hos- 
pital; Secretary of the Section on (Jastro-enterology and Proctology, American 
Medical Association; Ex-secretary, American Gust ro-ent urological Asso- 
ciation; Member, Assoeiation of American Physicians, American 
Boentgen Bay Sociedy 

BOSTON 


TRYPANOSOMIASIS, LEISHMANIASIS, RELAPSING FEVER, CHOL- 
ERA ASIATICA, DISEASES CAUSED BY NEMATODES, 
PARASITIC ARTHROPODS AND RABIES 

EUGENE R. WHITMORE, B.S., M.D., Dr.P.H., F.A.C.P. 

(Johns Hopkins University) 

Professor of Bacteriology, Pathology and Clinieal Pathology, Georgetown TTniversity 
Medical and Dental Schools; Pathologist, Georgetown University Hospital; 
Member of the Hospital Staff, Georgetown University Hospital; Fellow, 
American Medical Association, American College of Physicians 

WASHINGTON, D. C. 

GLANDERS, RAT-BITE FEVER 

HENRY WOLFER, M.D. 

(University and Bellevue Hospital and Medical College) 

\8sistaut Clinical Professor of Medicine, l»ong Island College Hospital; Assistant 
Visiting Physician, Long Island College Hospital 
BROOKLYN 



xxxiv CONTEIBIWOS^ 

SHALL-POX, VACCINIA, VARICELLA. SCARLET FEVER. 
DIPHTHERIA AND ANTHRAX 

SAMUEL SE^NEY I^OODY, A.B., M.D. 

(Medico-CMmrgical College^ Philadelphia) 

Cl lief Besident Physician, Philadelphia Hospital for Contagious Diseases, Bureau of 

Health 

PHILADELPHIA 


ESOPHAGOSCOPY 

WAITMAN F. ZINN, M.D., F.A.C.S. 

(^College of Physicians and Surgeons, Baltimore) 

Associate Professor of Diseases of the Nose and Throat, University of Maryland; 
Laryngologist, Mercy Hospital, Church Home and Infirmary; Bronchoscopist, 
Mercy Hospital, St. Joseph’s Hospital; Laryngologist, Baltimore City 
Hospital 
BALTIMORE 



CONTRIBUTORS 


YELLOW FEVER 

ARISTIDES AGRAMONTE, A.B., M.D., Sc.D. (Honorary) 

{College of Physicians and Surgeons, Columbia University) 

ProfoBSor of Bacteriology and Experimental Pathology, University of Havana, Cuba; 
Late Chairman of the Board of Infections DiseaseB and Meml)er of the 
National Board of Health 

HAVANA, Cl'BA 

METEORISM. TYMPANITES, INTESTINAL EMBOLISM AND THROM- 
BOSIS. VISCERAL ARTERIO-SCLEROSIS 

WALTER C. ALVAREZ, M.D. 

{Cooper Medical College) 

Assistant Professor of Research Medicine, Geo. Williams Hooper Foundation for 
Medical Research, University of California; Visiting Physician Xtniversity 
of California Hospital, and Women’s and (’hildren ’s Hospital; 

Member of the American Physiological Society; Society 
for Experimental Biology and Medicine; Mem- 
ber of the Gastro enterological Association 
SAN rRANCISCO 

ACUTE POLIOMYELITIS 
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GENERAL SUBJECTS 

CHAPTER I 

HISTORY OF ANCIENT MEDICINE 
By Max Kahn, M.A., Pii.D., M.D. 

The search for the cause of things and events exists since the appear- 
ance of man on the face of the earth. The inability to explain things 
reasonably and convincingly induced the thinkers of amtient times to 
use their imaginative faculties. The ancient explainers of natural i)he- 
nomena were the poets. 

The continual strife with the elements, the dreadful toils and dangers 
of man s life, the inclemency of nature — were all attributed to a perverse 
divinity or demon, who delighted to inflict pain and mis(‘ry upon brief- 
lived mortals. Such a divinity needed worship and sacrifice to pro- 
pitiate him. Humanity began to fear the devil before they imagined the 
god. The earthworms creaied the gods of goodness to protect them- 
selves against the spirit of evil which they had incarnated. 

With fear began superstition, w^hieh is based upon fear and ignorance. 
The desire to know the mysterious future has given rise to a great 
deal of the world’s store of credulity in the supernatural. The ancient 
philosopher who desired to divine the future by means of geometrical 
figures, the pretty maiden who counts the petals of the daisy or dandelion 
to learn whether her lover will be constant, and the man of affairs who 
allows the clairvoyant to pass on the lines of his hand — are the common 
examples in life of the vain endeavor to raise the curtain which hides 
what is to be. Living beings fear death — a rational fear. In order 
to prolong life, the body is to be kept healthy, illne.sses are to be avoided, 
and, if disease does affect an individual, the sickness is to be cured. 
This is all rational. But illnesses are almost inevitable in man’s life, 
and diseases are not always cured or curable. Instead of combating 
disease logically, men of all classes drew upon their imagination and 
devised various absurd means and methods of treating their ailments. 

Coeval with the birth of superstition was the bjrth of magic. The 
charlatan, who could unscrupulously play upon the feelings of his igno- 
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rant audience, had quite a mighty following in every locality where 
human beings suffered and hoped. Religion and magic can flourish 
simultaneously in great amity. For example, the establishnient of the 
Roman Church in England did not induce the old Anglo-Saxons to 
abandon their ancient rites and ceremonies. The inhabitants still clung 
to the mysterious lore of the Druids and were only able to attach them- 
selves to the new belief by retaining quite a number of the heathen 
superstitions. Long after the coming of the Catholic missionaries to the 
British Isles, there throve in ** merrie England ’’ hundreds of magicians 
who were feared even more than the holy fathers. For the ignorant 
person ever loves to compromise. He is never certain which god is the 
true god, and in order not to take chances, he sacrifices to more than 
one divinity, lest he be left in the lurch. Palmists, fortune tellers, 
necromancers, magicians, clairvoyants, are always secure of a very com- 
fortable livelihood, if they do but settle in those centers where ignorance 
abounds. For, indeed, they seem all omnipotent to the credulous mind. 
They can predict the future; they can sell love-philters; they can cast 
evil spells upon our enemies; they can give us an amulet which we 
can wear and be forever protected against fearful maladies; they can 
grant good luck, and tell us how to avoid dangers and pitfalls.^ 

In the ancient folk lore of all races, we find the history of the origin 
of medical therapeutics. For every evil invented by the devil, God has 
created a remedy. The cure was not always known, because the ingredi- 
ents of the medicine were very numerous and varied. In order to 
obtain the remedy in its full potency, the portions that made up the 
various concoctions were to be in exactly proper portion, otherwise 
the medicament would prove useless. The numberless combinations pos- 
sible were to be tried out, and those that proved beneficial were treas- 
ured. Certain localities did a roaring trade in the sale of the specific 
for which they were noted. In modern times the nostrum and patent 
medicine have replaced these Meccas of healing, and the descendants of 
the ancient sufferers and believers are now filling the coffers of quacks. 

The medical art of yore was entirely practiced by the haggard old 
witch or gray-bearded magician, who livf^d in surroundings calculated 
to inspire awe in the hearts of their clients. Besides some all-beneficial 
drug mixture, they could also give ffor a price) certain amulets to be 
worn, or suggest some mystic word-charm to be spoken to conjure away 
disease. “ Abracadabra ” chanted confidently the early Christians, 
*‘Hax Pax Max,” the medieval wizard, “Ista Pista Sista,” the Roman 
Cato — and all derived complete satisfaction seemingly from these power- 
ful incantations. 

The medicine of the ancient Chinese, Hindoos, Egyptians, Hebrews, 
Persians and other Asiatic and African races is chiefly described and 
discussed in their religious writings and ceremonies. The priests were 
the ancient physicians. Among the Hebrews the men who practiced the 
healing art were held in especial awe and reverence. Honor the 
physician,” writes Joshua, the son of Sirach, “with the honor due unto 
^him, for the uses which ye may have of him; for the Most High eometh 
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healing, and he shall receive honor of the King. The skill of the physi- 
cian shall lift up his head ; and in the sight of great men he shall be 
in admiration. The Lord hath created medicines out of the earth, and 
he that is wise will not abhor them. . . . Then give place to the physi- 
cian, for the Lord hath created him : let him not go from thee, for thou 
hast need of him.*’® 

Just as science and art are international, so are ignorance and super- 
stition. To examine the vacuum of learning among the ancients which 
has been called medicine, needs but to investigate the practices current 
in any one country, and remarkable duplications will be seen in every 
other country. Either the one God was the great healer, or there were 
special gods who particularly patronized the physicians and the sick. In 
Egypt, I-em-hotep, in Greece, .^Esculapius, among other nationalities, 
other gods, were worshiped and propitiated by sacrifices. Temples were 
erected to these divinities and the sick and maimed came and prayed, 
and many went away cured. The priests chanted hymns, advised medici- 
nal remedies, sold amulets and trumpeted forth the great ease with 
which their god healed. Some of the cures were remakable: “A man 
who had only one eye was visited by the god during the night. The 
god applied ointment to the eiiipty orbit. On awakening he found 
that he had two sound eyes. . . . The son of Hermione was blind in 
both eyes. A dog of the Temple licked them, and immediately he re- 
gained his sight. . . . Another man had no hair on his head. He prayed 
to the god to make it grow again. wEsculapius applied some ointment, 
and next morning there was a thick growth of hair.”® And the masses 
believed in all this hodge-podge just as the masses now believe in other 
hodge-podge. There arose several thinkers in the age of Pericles who 
did not give due credence to the wonders that the gods of their fathers 
were supposed to have worked. Whereat the mob, incited by the temple 
priests, felt outraged and persecuted and slew the sages. They con- 
demned Anaxagoras to death; they cursed Euripides as a heretic; 
-®schylus escaped being stoned by reading his dramas to the courts; 
Socrates, true martyr, drank the cup of hemlock that his jailers gave 
him, and discussed wisdom while dying. 

The history of European medicine begins with the Philosopher of 
Samos, Pythagoras, whose influence prevailed over the medical opinions 
of the time. He lived six centuries before Christ. A great traveler 
and a great student, his fame is almost legendary. He visited Egypt 
and India, and retut*ned to Greece full of the mystical ideas held by 
the priests of these countries. He taught his pupils the doctrine of 
Metempsychosis, the prejudices against animal diet, the magical notions 
respecting the powers of numbers, and other fantastical doctrines of 
the orient. He investigated the structure of the body, reproduction 
and development, the functions of the senses and mental actiyity, as 
well as the treatment of the sick. Remarkable for that epoch, he denied 
the origin of life from decomposing matter, asserting the necessary, 
existence of an embryo.* 
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Pythagoras, however, was a philosopher. He touched on medicine, 
simply because medicine is part of philosophy. To his younger con- 
temporary, who may have also been his pupil, Alcmaeon of Crotona, is 
due the honor of being the first Greek writer on medicine. According 
to the concurrent testimony of Aristotle, Diogenes, Plutarch and Chal- 
cidius, Alcmseon was the first to dissect brutes in order to discover the 
internal structure of the animals. The theories and so-called facts which 
he promulgated are a peculiar blend of the remarkable and the ridicu- 
lous. Health was supposed to be dependent on the accurate adjust- 
ment of heat and dryness, coldness and humidity, bitterness and sweet- 
ness and other qualities, while sickness was due to a predominance of 
one quality. The cure of disease was, therefore, properly to determine 
what was lacking and to restore the balance by the addition of the 
missing quality. He believed that goats breathed through their ears; 
that hearing was due to the concave form of the ear; that the brain 
was the seat of the soul ; that odors went through the nose to the brain ; 
that sleep was due to the storage of blood in the larger vessels; that 
the head was the first part of the fetus formed so that it could take 
nourishment in utero. But he also knew that semen did not come from 
the spinal cord — ^this he proved by experiments on animals; that the 
brain was the central organ of intellectual activity ; that the optic nerve 
existed. 

The successors to Pythagoras were Philolaos and Empedocles, who 
modified somewhat the theories of their teacher. According to Philolaos, 
the causes of disease are due to a disturbance of the bile, blood and 
phlegm; one becomes predisposed to illness due to excess or lack of 
warmth, nourishment, etc. ; inflammation is caused by excess of phlegm. 
He taught that there are three functions in man — the “human,” the 
“animal,” and the “vegetable.” He asserted that the “human” func- 
tion is located in the brain; the “animal” element is in the heart; the 
“vegetable” element, growth, is in the navel. 

Empedocles, a poet and philosopher of Agrigeninm, a town of Sicily, 
taught that there were four elements in existence which possessed a 
soul; fire, air, water and earth, which in combination in varying quan- 
tities, produced different parts of the body. For example, blood was 
composed of four equal portions of the elements, whereas bones, on the 
contrary, were made up one-half of fire and one-quarter each of earth 
and water. His doctrine of force is important to mention. It appeared 
to him that two main forces ruled the world — love and hate. These 
alternately shape the construction, development and decay of all crea- 
tions. During dissolution of matter, the liberated elements unite with 
their like in space ; i.e., air to air, earth to earth. Certain of his theories, 
as handed down by Galen, seem to us not understandable. Take, for 
instance, his theory of respiration: “As soon as that humidity, of whi<ih 
there is a great store on the first formation of the fetus, begins to be 
diminished, the air insinuating itself through the pores of the body 
succeeds it; after this, the natural heat, by its tendency to make its 
escape, drives the air out ; and when this natural heat enters the body 
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again the air follows it afresh. The former of these actions is called 
inspiration, the latter expiration/’ 

Neuberger has this to say of Empedocles : * ‘ He was physician, seer, 
priest and poet in one. Honored as a god by his contemporaries, his 
influence made itself felt throughout Hellas ; his life, his deeds and his 
death being surrounded by a halo of myth. ^In a purple robe, gold- 
encircled, long hair framing his gloomy countenance, crowned with 
the priestly laurel, he traveled through the country districts of Sicily, 
surrounded by a host of worshipers of both sexes. Thousands, even 
tens of thousands, acclaimed him, prostrated themselves before him, 
and demanded of him favorable forecasts for the future no less than 
healing for all manner of disease. ’ He freed the town of Selinus from 
a devastating scourge by reclaiming the swampy land, and he assured 
his native town of Agrigentum favorable climatic conditions by blocking 
up a rift in a hill.” 

With the physician of Cos, Hippocrates, began medical theorization 
in Greece. The Father of Medicine introduced certain generalizations 
in his conceptions of disease causation, after due study and experience. 
” Theory is the flower, not the root of experience,” was his motto. As 
Neuberger points out, what Socraltes was to philosophy, Hippocrates was 
to medicine. ^*In both is embddied the reaction of practical reason 
against shallowness and theoretical excess. Both, in the midst of ob- 
scurity, morbid speculation and fruitless hypercriticism, stand for the 
golden mean in thought, leading to naked truth. Both, with a wise 
self-restraint, keep within the bounds of their respective domains, their 
activity centering around moral law and a highly idealized utilitari- 
anism. ’ ’ 

This celebrated physician was born in the Island of Cos, in the 
year 460 or 459 B. C. His father, also a physician, gave him his initial 
medical education. He traveled through the various Hellenic cities, prac- 
ticing his art and making the acquaintance of the famous Greeks of his 
day. During his lifetime he^ was greatly honored by his fellowmen. 
Plato considered him equal in fame and ability to Polyclertos and 
Phidias. He was called divine” by Galen, and the “father of medi- 
cine” by all who practice the Hippocratic Art. 

He laid down the rule that “no disease comes from the gods, one 
more than another, each acknowledging its own manifest and natural 
cause.” This is the divorce announcement of mystical practices and 
bedside observation, for though he had a reverence for the teachings 
of his professional ancestors, the I-em-hotep and -®seulapius of old, 
Hippocrates saw their crudities and wondered at their ignorance, and 
in this he was the scientific progenitor of Harvey and Pasteur and Lister. 

In his therapeutics, Hippocrates taught that “natural powers are 
the healers of disease.” He treated his patients by regulating their 
diet, prescribing baths and a change of climate, advising poultices, 
purgatives, venesection and diuretics, and eschewing to an extent re- 
markable for his age the ridiculous medicametital mixtures Used by his 
contemporaries. 
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He was especially acute in his bedside observations. He judged of 
the patient’s state of health by the facies, posture, voice and excretions. 
It was his custom to examine the urine, feces, expectoration, sweat and 
pulse of his patients. Among his aphorisms for the cure of disease 
are tl^e following: that contraries, or opposites, are a remedy for each 
othar^ that evacuation is a remedy for repletion, and repletion for 
d^pl6ti0p."’ He made experiments on the digestibility of food — ^the 
first physiological investigations recorded — and' held the theory that 
“all parts of the body which are designed for a definite use are kept in 
health, and in the enjoyment of fair growth, and of long youth, by the 
fulfillment of that use, and by the appropriate exercise in the employ- 
ment to which they are accustomed. But when diseased they grow ill, 
stunted and become prematurely old.” 

In his ethical teachings he had an ennobling influence on the medical 
profession. These are his moral requirements of the Physician : 

“Touching his state of mind, he must be heedful of the following: 
He must not only know how to be silent at the right time, but must 
lead a well-ordered life, for this adds much to his good repute. Let his 
disposition be that of a man of honor, and as such let him behave to all 
honorable men in a friendly and easy spirit. Precipitation and im- 
petuosity are not liked even though they be of use. As to his bearing, 
let him wear an expression of sympathy, and not show vexation which 
would indicate presumption and misanthropy. Who on the other hand 
laughs readily, and is at all times merry, becomes a burden, whence this 
is particularly to be avoided.” 

And what can be more noble and inspiring than the Oath of the 
Coan School which the young practitioner took, and which is now known 
as the Hippocratic Oath ? 

“With purity and with holiness will I pass my life and practice my 
art. Into whatever houses I enter, I will go into them for the benefit of 
the sick, and will abstain from every voluntary act of mischief and 
corruption; and further from the seduction of females and males, of 
freemen and slaves. Whatever in connection with my professional prac- 
tice, or not in connection with it I see or hear, I will not divulge, as 
reckoning that all things should be kept secret. While I continue to 
keep this oath inviolate, may it be granted to me to enjoy life and the 
practice of my art, respected by all men at all times. But should I 
trespass and violate this Oath, may the reverse be my lot!” 

The next .great Greek to influence markedly the progress of science 
was! Aristotle, who lived from 384 to 322 B. C. In his writings we And 
the fundaments of natural history, and an epitome of Hellenic contri- 
bution to natural philosophy. During approximately the twenty cen- 
turies that followed him, his written word was law in the domain of* 
science. Together with Galen, he swayed the medical opinions up to 
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the seventeenth century. - Men refused to believe the evidence of their 
senses. If an o^)seryation did not agree with Aristotle, the observatidh 
was wrong, not Aristotle. Instead of taking the Stagyrite as a scien- 
tific authority whose observations may be corrected and whose theories 
may be improved, he became an authority on faith, whom it was heretical 
to contradict, with the result that ignorance triumphed. “Seifeiic^ kh^ 
faith/' said Hippocrates, ‘‘are two things: the first begets knowledge, 
the second ignorance. ' ' 

Nevertheless, and in spite of the bad influence that he exerted during 
the middle ages — not at all due to his own fault, but due to the stagnant 
spirit of the times — Aristotle of Stagyria was the greatest student of 
Nature in ancient history. Of recent times, men have been prone to 
underestimate his knowledge, because of his pernicious influence on his 
successors. Macfie writes that the Stagyrite owes his scientific reputation 
to his garrulity and to the ignorance of his audience. Hallam estimates 
his philosophical writings as a “barren tree that conceals its want of 
fruit by profusion of leaves." But there is something unfair in this 
opinion. 

He was a pioneer in science. “I found," he writes, “no basis pre- 
pared, no models to copy. . . . Minei is the first step, and, therefore, a 
small one, though worked out with much thought and hard labor. It 
must be looked at as a first step, and judged with indulgence." It was 
not his blame if Christian theologians placed him on a divine pedestal, 
and consigned to the flames any one who ventured to deny certain of 
his theorems. As Roger Bacon (who barely escaped being condemned as 
a wizard for his experimental work) asserts, “Aristotle hath the same 
authority in philosophy that the Apostle Paul hath in divinity. ' ' To 
lower science to the level of a creed is to invite stagnation and igno- 
rance. 

Aristotle was the founder of systematic zoology. “His observations 
on structure and development, and his anticipation of the idea of organic 
evolution, are the ones upon which his great fame rests. ... He knew 
that drone bees develop without previous fertilization of the eggs (by 
parthenogenesis) . . . that some sharks develop within the egg tube of 
the mother. ... He had followed day by day the changes in the chick 
within the hen's egg. ... In embryology, also, he anticipated Harvey 
in appreciating the true nature of development as a process of gradual 
building, and not as a mere expansion of a previously formed germ."® 
In medicine, however, he reported many erroneous observations. He sup- 
posed the brain to be bloodless; that the liver, spleen and kidneys served 
merely as a support for the veins; that the arteries carried air; that 
the nerves originated in the heart which was the seat of the soul. These 
errors were held to be divine truths for many centuries. 

After Hippocrates, the great progress made in medicine was in Alex- 
andria. There, under the learning-loving Ptolemies, the doctors found 
favorable patronage, and could, therefore, pursue their studies of herbs 
and anatomy. Herophilus of Chalcedon (300 B. C.), pupil of Praxag- 
oras and Chrisippus, was famous for his great knowledge of medicine 
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and for his surgical skill. It was he who discovered the torcular Hero- 
phili in the cranium, and he made much progress in anatomical ter- 
minology. He described the meninges, ventricles, blood sinuses and 
choroidal plexuses of the brain ; he recognized the lacteals, gave the duo- 
denum its name, and carefully described the liver. Herophilus was a 
commentator on the writings of Hippocrates, and he also wrote on 
diet, gymnastics, obstetrics and surgery. 

Contemporary with him was Erasistratos, who died about 250 B. C. 
He was a student of Anatomy, having made many dissections of cadavers 
of human beings and animals, making special contributions to the knowl- 
edge of that time of the brain, heart, trachea, liver, intestines, etc. He 
considered the body, compounded of atoms, to be vivified by heat origi- 
nating outside, not generated within. He thought the blood to be a 
conversion product of ingested food, which serves to build up the body. 

But the Alexandrian School made more progress in theorizing than 
they did in practice, and this disgruntled the practically inclined, who, 
as Celsus says, were more interested in the treatment of disease than 
in its diagnosis or prognosis. A few of their phrases are very illumina- 
tive of their tenets: “The husbandman and the navigator are not 
trained by disputations but by practice. Diseases are not cured by 
talk, but by drugs. The important question is not who causes disease, 
but who dispels it.” These dissatisfied practitioners established , the 
so-called Empiric School, which reached the height of its influence during 
the life of Heraeleides of Taras (about the first century B. C.). He. ya,s 
a pupil of Manteas, a famous surgeon of that time. Learned as he was 
in pharmacology, he was also noted for his surgical abilities. He m6de 
great progress in the treatment of fractures and dislocations, and he 
was especially famous for his herniotomy operations. He did liot con-* 
sider it below his dignity to cut for the stone, and, indeed, Ke improved 
the lithotomy operation. 

With the decline of Greece and the development of the Roma& power 
there was a continuous migration of Hellenic physicians |p the City on 
the Tiber. The boorish Romans, untutored in the fine arts, could not 
appreciate the cultured Greeks. Cato, the philosopher, would not permit 
a Greek physician in his household, and, indeed, he wrote several epistles 
against allowing the Greeks to practice in Rome. It is true that on rjuny 
occasions the foreign physicians, driven to it by poverty, nided cei^ain 
wealthy patricians in their debauches and in their plots to poison their 
enemies. It is instructive to note the fate that befell Archagathos, a 
Greek immigrant in Rome. At first he was greatly honored and his skill 
and dexterity were so much praised that the Senate of Rome conferred 
on him the thanks of the city. But once in his large and lucrative prac- 
tice he lost a patient, who died after gn operation. The fickle mob forgot 
his great abilities, and in their rancor drove Inm from the city, confiscat- 
ing his property (219 B. C.). 

In Rome there flourished what was known as the Methodist School, 
founded by Themison, whose pupil, Thessalos of Tralles, was its greatest 
exponent. Thessalos was a contmporary of Nero. He was the son 
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of a weaver, and the greatest quack of his day. He very much restricted 
surgical interference in case of disease. He believed in practicing on 
the minds of his patients, and, truly, his prescriptions contained many 
harrowing ingredients. 

According to the Methodist Doctrine, bodily ailments were arranged 
under three heads : the first comprising such as proceed from stricture ; 
the second, those which arise from relaxation; and the third, those 
which assumed a mixed character. The science of medicine consisted 
wholly in the observance of a small number of rules, founded upon mat- 
ters which are altogether evident. The treatment of disease should be 
directed in remedying the strictum or laxum by means of opposing 
therapeutic measures acting upon the whole body. 

The teachings of Themison seem to have been held in no great re- 
spect by his contemporaries. Juvenal satirically refers to him in one 
of his verses : 

^^How many sick in one short autumn foil, 

Let Themison, tl;^ir ruthless slayer, tell.” 

Soranus, a native of Ephesus, and Meges of Sidon were two note- 
worthy followers of Themison."^ j 

A. Cornelius Celsus (25 A, D.) was one of the greatest encyclopedists 
of ancient Rome. He so logically and clearly reviewed the history of 
medicine up to his time, that we owe to him much of the knowledge 
that we possess of ancient medicine. In his writings, ‘‘De Medicina 
Libri Octo,^^ we have a complete resume of the history of the healing 
art previous to him and during his time. It is written in elegant Latin, 
and its diction rivals Tacitus’ history. Books 5 and 8 are devoted 
entirely to the art of the surgeon. In Book 4, Chapter 10, we find this 
oft-quoted statement: *‘Not» vero inflammationes sunt quattuor, rubor 
et tumor, cum cal ore et dolore.” 

Contemporary with Celsus, lived the younger Pliny (23-79 A. D.), 
whose respeojl;' for physicians Was not very great. He loved to quote 
the tombstone epitaph, “He died by reason of the confusion of the doc- 
tors.” ' In that famous book of his known as the “Natural History,” 
he endeavored to present an encyclopedia of the knowledge of that 
epoch. It is especially reeking with pharmaceutical prescriptions for 
all kincis of disease. 

During the first century of the Christian Era, there arose in Rome 
a small body of scientifically minded men, who strove to introduce a 
new development of medical theory. Their aim Was to apply the Pneu- 
matic Doctrine to physiology and pathology. The Pneumatist School, 
founded by Athenaios of Atteleia, contended that all phenomena de- 
pended on the vital air — ^the “pneuma.” They studiously investigated 
the causation of disease and divided the etiological factors into extrinsic 
causes, intrinsic causes, and tlie Causes due to evil spirits. Health, ac- 
cording to them, depends upon the normal condition of the pneuma, and 
is promoted by its tension, which is fo be estimated by means of the 
pulse. Sickness is induced by a disturbance of the pneuma caused by 
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a faulty eonstitution of the elemelitary qualities, as, for instance, coldness 
or moisture. 

We must not forget to speak a few words about that great and his- 
torically neglected physician of Greece, Aret»us of Cappadocia. Of him, 
Neuberger writes, “Whatever the final judgment may be, one thing 
stands out as cfertaiuT-after Hippocrates, no single Greek author has 
equaled Areteeiis, and no work in the entire literature so nearly ap- 
proaches to the true spirit of Hippocratism, both in description of disease 
and in therapeutic principles, as the work of the Cappadocian. ^ ’ 

Aretaeus was a pure stylist in his language. He was not superstitious, 
and he endeavored to be rational and scientific. He described con- 
sumption and diabetes vividly. He treated of all the branches of 
medical knowledge. His contributions to the conceptions of nervous 
and mental disease are especially noteworthy. He knew that paralysis 
of central origin was crossed, while those of spinal origin are not. In 
the presence of a fatal malady, Aretseus writes, “When he can render 
no further aid, the physician alone can still mourn as a man with his 
incurable patient : this is the physician *s sad lot.*’ 

The medical successor to Hippocrates and the scientific successor to 
Aristotle was Claudius Galen, the Prince of Physicians, who lived from 
130 to 201 A. D. He was born at Pergamos, the son of Nikon, a well-to-do 
architect, who was a calm-mannered, learned man. “I was blest,*’ wrote 
Galen, “with a calm, just, gallant and sympathetic father, whereas 
my mother was of so irritable a temper that she would at times bite 
her maids, and was forever screaming and quarreling with my father, 
worse than Xantippe with Socrates.” 

His father instructed Galen in mathematics and philosophy, and he 
learned under famous masters logic, dialectics, anatomy, empirics and 
medicine. He traveled to Corinth, Smyrna, Asia Minor, Alexandria, 
and after nine years of wandering he returned to Pergamos, where the 
reputation he had gained in foreign lands preceded him, so that he was 
received with open arms by his countrymen and was appointed by the 
High Priest, physician to the gladiators — a very honorable post for a 
young man of twenty-eight. 

When he was thirty-two years old, the spirit of unrest again assailed 
him, and he sought to wander away from the cramped, provincial sur- 
roundings of his native town. An ambitious and brilliant man like 
Galen could be satisfied only in Rome, the capital of the world, and 
in the year 162 A. D., we find him a stranger in the Latin metropolis, 
struggling to establish himself. He succeeded very quickly, assisted 
as he was by some compatriots, and he soon became the fashionable 
physician, counting among his friends very influential men in the politi- 
cal, military and scientific circles. 

Medical Rome was a city of specialists in those days, and from 
Martial we learn that certain men made a special practice of healing 
certain individual deformities or ailments. “Cascellius extracts and 
repairs bad teeth ; you, Hyginus, cauterize ingrowing eyelashes ; Fannins 
cures a relaxed uvula without cutting ; Eros removes brand marks from 
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slaves; Hermes is a very Podalirius for ruptures.’^ The medical pro- 
iession consisted of charlatans, magicians, and nostrum venders, who 
extolled their ware^ to the public in the market place. Scientific 
medicine — even the so-called scientific medicine of that period — ^was 
unknown to the Romans. 

Galen, who was far from being a modest and reserve^man, attacked 
tliese professional quacks with a fury and bitterness characteristic of 
him. He called them fools and donkeys, and asserted that, “Whoever 
.«,eeks fame by deeds, not alone by learned speech, need only become 
familiar at small cost of trouble, with all that 1 have achieved by active 
research throughout my entire life.’’ These attacks so embittered his 
enemies that they plotted his assassination, and four years after his 
arrival he fled for his life from Rome. 

Lucius Verus was then Emperor, and had not Galen left he might 
have then become Court Physician, for he had been introduced to 
court just before his flight from the capital. It is charged to the 
great physician that he left Rome not because he was afraid of his 
enemies, but because he feared the “plague” which was then begin- 
ning to scourge Italy. The royal family, whose ears had heard the 
praise of Galen, summoned him to Aquileia, where they were then so- 
journing. Marcus Aurelius, successor to Verus, appointed him his 
court doctor, and he retained this position under the reigns of the 
succeeding emperors, Commodus and Septimus Severus. 

It would have made a more equable tempered man than Galen — 
who must have inherited a little of his mother’s character — irritable 
to argue with the men who expounded the stupid “authoritative” knowl- 
edge of that time. Galen, who was eminently an experimentator and 
observer, who dissected apes, birds, fishes, reptiles and even an elephant, 
and who was an acute logician, must have fumed with impatience at 
the prevailing orthodox ignorance. Because a man lays his hand on 
his “heart” when he argues, it was asserted by Chrisippus that the heart 
was the seat of the soul, and that' the voice emanates from the heart. 
It was fruitless for Galen to demonstrate that the contraction of the 
chest wall drives the air through the larynx, where the sound is modi- 
fied by the contractions of this organ, due to nerve impulses. “When I 
tell them this,” he complains, “and add that all voluntary movement 
is produced by muscles controlled by nerves coming from the brain, they 
call me paradoxologos, a teller of marvelous tales, and have no argument 
beyond the simple assertion that the trachea is near the heart. ’ ’ 

In pathology and in nosology, Galen made distinct advances. Medi- 
cine he defined as the art which teaches the preservation of health and 
the cure of disease. With Hippocrates he believed in the doctrine of 
the humoral cause of disease, there being four humors — the blood, the 
phlegm, and the black and yellow bile. Disease consisted in “such a 
preternatural disposition or effection of the parts of the body, as pri- 
marily, and of itself, impedes their natural and proper action.” The 
etiology of disease was divided into external and internal causes. The 
former were those due to the air, meat and drink, motion and rest, sleep 
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and wakefulness, retention and excretion, and the passions. These he 
namecl remote — procatarctic—oauses. The internal causes were to be ar- 
rived at by logical reasoning. Tfee first of the internal causes was a 
vitiated state of the humors — a cacochymia — ^which may be characterized 
by a plethora of the humors, either a sanguinous, pituitous, melancholy 
or bilious, depending upon which humor predominates. 

He classified symptoms as diagnostic and prognostic, describing cer- 
tain signs lis pathognomonic. 

His work on the brain was purely experimental. He dissected the 
brain, and cut the spinal cord in living animals to observe the result. 
He did not believe the currently accepted theory that the only function 
of the brain was merely to cool the blood. The reason for this was his 
teleological proclivities. ' ‘ In my view there is nothing in the body useless 
or inactive j but all parts are arranged to perform their offices together, 
and have been endowed by the gods with specific powers.” And he, 
therefore, argued that the brain could not have the function assigned to 
it: “Why, if the brain is only a sponge, have we this complex structure, 
these membranes, blood-vessels, cavities, glands, nerves, when for the 
purpose of cooling only it ought to have been made like a sponge, inert 
and shapeless?” 

Galen was the first to establish the fact that the kidneys secrete 
urine; he proved this by actually tying the ureters in animals, and 
observed that no urine was then secreted. 

His works on diet, on treatment, on symptomatology and semeiology, 
on pathology, on anatomy, and on other related sciences are an ever- 
lasting monument to his memory. His influence on medicine was power- 
ful until the seventeenth century, during which time to doubt Galen 
was to doubt an established religious tenet which was punishable by 
death. His errors — and he made many — were held to be sacred truths, 
and to quote Galen was to cite the most powerful authority. “Ipse 
dixit” of the Pythagoreans became the slogan of the followers of Galen. 
What he said none might venture to controvert. 

Galen was the last and greatest of ancient pnysieians. In surgery, 
however, he did not excel. 

In ancient days, when it was considered plebeian on the part of a 
physician to perform surgical operations, there of necessity developed 
a special guild of craftsmen whose business it was to treat undignified 
disease for which the learned doctors refused to prescribe. These em- 
pirics, the barber-surgeons and charlatans of yore, untrained in learned 
conversation, unacquainted with the writing of the philosophers, attained 
great skill in their practice. Empiricism is ever the beginning of true 
science. In the history of surgery there is no more interesting chapter 
than the story of these chirurgeons. 

Rated on a level with the undertakers and embalmers, they pursued 
their unhonored profession, and, though lacking in dignity and lucre, 
they perfected their art and did much to alleviate human suffering. 

In the famous oath which every physician swore to with reverence 
and fear, appears this clause: “I swear by the gods to cut no one for 
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1 he stone, but to leave this opera^tion to those whose profession it is.'^ 
This clause was inserted, not that the physician was unable to perform 
the operation, but that it Was beneath his dignity to soil his fingers 
with immodest manipulations. Quacks and empirics were indeed grate- 
ful for this delicacy on the part of the doctors. 

Though some surgery was practiced by most physicians, the opera- 
tions of lithotomy and castration during the age of Hippocrates were 
relegated to the untutored empiric. The latter performed these opera- 
tions while the physician and the priest stood by, the one recommending 
suitable ointments for the wound, while the other prayed to the gods to 
send a speedy cure. 

Perhaps the greatest surgeon of antiquity was Antyllos, of whose 
life we almost know nothing. lie must have lived in the second cen- 
tury of the present era. “He not only gave general directions for 
individual surgical operations, but discussed technical details with a 
minuteness and consideration of every conceivable eventuality only pos- 
sible to a master of practice.’’ He wrote on bloodletting, treatment of 
abscesses, phimosis, fistulm,. tumors, and he described in detail how to 
extract cataract and how to treat aneurysm by double ligature and 
incision. 
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CHAPTER II 


HISTORY OP MEDICINE DURING THE MIDDLE AGES 
By Max Kahn, M.A., Ph.D., M,D. 

A pall of darkness settled over Europe with the fall of Rome. The 
civilized world was overrun by hordes of savage barbarians who de- 
stroyed cities, demolished edifices, and ravished and slew the populace. 
Luxurious Rome fell, and with it the unbearable tyranny of the Csesars. 

*^Rome shall perish! Write that word 
In the blood that she has spilt; 

Perish hopeless and abhorred, 

Deep in ruin as in guilt.’^ 

From the East and the North, the Huns and the Goths and the Norse- 
men invaded the territory and conquered the decaying civilizations of 
the South. The beauty and elegance of the towns were superseded by 
the brutality and coarseness of the camp. From the fury of the savage 
none escaped. Libraries and temples, seats of learning and places of 
worship had no intrinsic value to the nomadic races, who swarmed over 
Italy, and demolished everything which they could not carry away. 

The conquering savages were converted ultimately to Christianity. 
In Spain, for instance, the tribes of the Suevi and Visigoths were the 
victors, and they formed the rallying ground of the Aryan heresy of 
the Christian Church for one hundred and fifty years. North of them, 
the Franks who had been converted to the orthodox creed, encouraged 
by the Roman clergy, waged war against them. The Church became all 
powerful. As Buckle^ writes: *‘Late in the sixth century, the Latin 
clergy converted their Visigothic masters, and the Spanish government 
becoming orthodox, naturally conferred upon its teachers an authority 
equal to that wielded by the Aryan hierarchy. Indeed, the nilers of 
Spain, grateful to those who had shown them the errors of their ways, 
were willing rather to increase the power of the Church than to diminish 
it. The clergy took advantage of this disposition. . . . The ecclesiastical 
Synods became not only the councils of the Church, but also parlia- 
ments of the realm.” 

Everything pagan was forgotten. The clergy discouraged the pos- 
session or the study of books written by the ancient Greeks or Romans. 
They held in abomination their sculpture and their works of art, their 
rhetorical lectures and their philosophical speculations. For the early 
Christian was an ascetic. He passed through this vale of tears only 
lo be weighed in the scale, and adjudicated worthy or unworthy of 
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paradise. He feared much to be found wanting. Worldly joys, earthly 
beauty, sensuous pleasures, pagan learning, metaphysical discussions, 
were all abhorred as a temptation of the devil. It was dangerous to 
know too much. ** Vanity of vanities, all is vanity.” All wisdom was 
in the Bible, and all endeavors were directed to purging the soul of 
sin. The rich, the pleasure-inclined, the animal-spirited, had no chance 
of entering the Kingdom of Heaven. It was only the fallen, the suffering, 
the poor, to whom it was vouchsafed to enjoy everlasting happiness after 
death. In the Emperor Julian, the Apostate, we notice the revolt of the 
individual post-Hellene against the lack of beauty of the Nazarene faith. 
In his drama, “Emperor and Galilean,” Henrik Ibsen depicts the strug- 
gle that went on between the beauty-loving Greek and the ascetic, ag- 
gressive Christian. What has been said of the attitude of the Moslem 
rulers toward learning, may have been written with greater justice of 
the intolerance of the Christian clergy of that period. It has been repre- 
sented that the Caliph Omar, upon being requested by his general, 
Amrou, to spare the library of Alexandria, issued the following order: 
“If these writings of the Greeks agree with the Koran, they are useless 
and need not be preserved; if they disagree, they are pernicious and 
ought to be destroyed.” It is doubtful whether the Caliph ever made 
such a ruling, but it would tally with the spirit of the times if we had 
read that some Bishop had issued a similar command. 

The Greek and Latin written contributions to civilization were saved 
by the advent of the victorious Mohammedan armies into Europe, which 
carried in its wake the various educational and scientific influences that 
were to affect the whole course of later European culture. The Saracens 
brought to Spain, under the protection of the banner of the Crescent, 
the stored-up treasures of ancient learning. While church-ridden Europe 
reposed, ignorant of the wealth of knowledge and wisdom that the pagan 
writers had left as an inheritance to civilization, the peaceful Arabs 
and Moors interpolated their studies of the Koran with readings from 
the Arabic translations of the Greek and Roman philosophers. Unlike 
the earlier Moslem warriors, the Saracens preserved and cherished the 
treasured volumes which they found in the conquered cities. The most 
approved writers of the Mohammedans admit and even declare in the 
most explicit terms, that “the religious books of the Jews and the 
Christians which are acquired by right of war should never be com- 
mitted to the flames, and the books of profane science, historians or 
poets, physicians or philosophers, may be lawfully applied to the use of 
the faithful.”* 

This tolerance of the Arabs was the saving grace of civilization. They 
relit the lamp of learning which had been extinguished in Europe, and 
the light of Hippocrates, Aristotle and Galen illumined the mosques 
and cloisters of the infidels. There science flourished, and there the 
art of medicine was given a new lease of progress. In the year 711, after 
the battle of Xeres de la Frontera, the victorious Saracens captured the 
Pyrenean peninsula, and brought back to western Europe the ancient 
learning. 
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The Byzantine period was particularly sterile in its contributions 
1o knowledge. In medicine and in philosophy strict adherence to the 
teachings of the orthodox school was enforced. *^As in life, so in letters, 
outward form and attractive appearance weighed most heavily in the 
scales and the disparity between bombastic rhetoric and dialectic jug- 
gling on the one hand, and the intrinsic barrenness of these on the 
other, imparted to the literature of the Byzantines those characteristics 
of formality, artificiality and pharisaic insincerity which have become 
proverbial.^' There was no independent thought, no search for new 
paths, no original investigations. Again, in the absence of learning, 
superstition hold supreme sway, alchemy flourished, and astrology and 
mysticism were in vogue. 

During this period we find three medical authors who are representa- 
tive of the mediocrity and stereotyped “wisdom" of that era. ^tius, 
who was born during the sixth century at Amida in Mesopotamia, was 
physician to the Imperial Court of Byzantium. He has left to pos- 
terity a compilation known as the “Tetrabiblon," which is a compendium 
of his medical and surgical knowledge. His works abound in external 
remedies; and nearly an entire book is devoted to the preparation of 
plasters. He introduced the doctririe of spells, relics and incantations 
into medical therapeutics. For the removal of anything sticking in the 
throat, he advised using the finger of St. Blazius. At that time there 
developed a traffic, which must have been very active, in pieces of the 
true cross and in tears that the Virgin Mary had shed. These were 
supposed to have remarkable curative powers. As somebody has well 
said, “A grove of an hundred oaks would not have furnished all the 
wood sold in little morsels as remnants of the true cross; and the tears 
of Mary, if collected together, would have filled a very large cistern." 
Even at that time, the sellers and makers of this merchandise must have 
been very cynical individuals. “The idol carver worships not ; he knows 
what gods are made of." 

iEtius treated gout by the following regimen, which is given as an 
example of the absurdity of practice of the middle ages : In September, 
the diet should be wholly milk; in October, garlic must be eaten; in 
November, bathing is prohibited; in December, cabbage is interdicted; 
in January, the patient should take a glass of pure wine every morning; 
in February, he must not eat beet; in March, he must mix sweets with 
his food and drink; in April, he must refrain from horse-radish; in 
May, he must avoid the fish called Polypus; in June, he must take 
cold water in the morning ; in July, he must abstain from venery ; and 
in August, he must refrain from eating mallows. 

A greater man than jEtius was Alexander of Tralles, who was either 
a Jew or a Christian, but not a pagan. He was born in 525 A. D. His 
writings are in pure Greek, and rival the literary clarity of Aretaeus. 
In his expression of opinion and originality of observation, he reminds 
us of the men of the Age of Pericles, and one delights to meet such 
a refreshing current in the stagnant pool of Byzantine culture. De- 
fending certain radical changes in therapy that he recommended in 
VOL. I. — 2. 
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contradiction to Galen, he writes: ‘‘Here may be applied the saying 
of Galen concerning Archigenes: ‘He was a man, and it is, therefore, 
difficult to assume that he never made mistakes, since he must have 
been ignorant of many things, have misinterpreted others, and described 
them superficially.’ Yet would I not have dared to say this of a man 
who stood so high in science, if truth had not inspired me with 
confidence, and if I had not held silence to be a sin. For, if a physician 
form an opinion and fail to express it, he does a great wrong, behaves 
wantonly, and by his silence is much to blame. Herein one should follow 
the principle which, as he tells us, Aristotle has laid down: ‘I love 
Plato, but I also love truth, and so if choice must be made between 
them, I give preference to truth.’ ” 

Still, he was a child of the times, for he believed in magical prac- 
tices, if all else failed. He advised spiritual incantations, laying on of 
hands, calling up of the dead, and other mystical measures, which we 
can only deplore in so great an original thinker. He wrote only of 
what he had seen and experienced. lie avoided writing about diseases 
and therapeutic remedies he had never tried out or observed himself, 
so that all his writings are an epitome of his own personal experience. 
He attempted to differentiate between pleurisy and inflammation of the 
liver, between intestinal and renal colic, between hectic and other fevers. 
For the treatment of gout he recommended Colchicum axitumnale. He 
wrote on the eyes, on fractures, on various mental diseases, on fevers, 
etc. He described the lumbriei, the ascarides and the tsenia parasites 
of the intestinal tract. 

Contemporary with him, there lived Jacobus Polychrestus and Isidore 
of Gaza. Polychrestus was ennobled by the Emperor Leo the Great for 
his great learning, and a statue was erected in his honor by order 
of the Senate. He was famed for his skill and for his preference for 
the employment of enemata and suppositories rather than for the use 
of the knife. So cherished was he, that he was called “The Beloved 
of God.” 

Paulus of J5gina, who lived in the seventh century, wrote volumi- 
nously on medicine. He was the first to advance the theory that gout 
is a disease of nutrition. According to his view, “as a result of insuf- 
ficient assimilative powers of various parts of the body, there is formed 
from the superfluous food, together with indolent habits of life, a morbid 
humor, which is first attracted by a weakened joint, but may also lodge 
itself in the liver, kidneys, spleen, etc.” 

With the decay of Byzantine civilization, there was a general cessa- 
tion in the progress of all science. The superficial gloss that replaced 
true culture evinced itself in the shallow writings of that time. The 
increased power of the church augmented its intolerance of all that was 
an innovation, with the result that human endeavor was held in abey- 
ance. There was a dearth of originality, and the ingenuity and talent 
of those that were exceptionally proficient were wasted on purposeless 
tasks. 

Theophilus, with the characteristic empty verbosity of the school- 



HISTORY OF MEDICINE DURING THE MIDDLE AGES 19 

men who exercised their reasoning faculties on determining how many 
angels can dance on the point of a needle or which way the mule will 
turn on being placed between two bales of hay, wrote a treatise on the 
examination of the pulse and on uroscopy. Another author, Jeannes 
Actuarius, who lived in the thirteenth and fourteenth centuries, also 
wrote voluminously on the examination of the urine and on sphyg- 
inology. In his monograph “On the Urine,” many kinds of sediments 
are named according to their colors and consistencies, and graduated 
glasses for the measurement of these deposits are described. 

We shall eschew enumerating other Christian physicians who prac- 
ticed more magic than medicine, and who were more superstitious than 
scientific. The Arabs, having drunk of the fount of Hellenic and Latin 
culture, produced great men who not only kept intact the ancient in- 
heritance, but also added much to it, and handed it on worthily to their 
successors. The Moslems, however, were held in utter religious and 
political hatred by the Western Europeans, and it was only the Jews 
who brought to the principal Prankish towns the Asiatic knowledge. 
Many courts had their Jewish physician, and while they may have 
persecuted his brethren, the rulers kept the Hebrew doctor safe from 
all harm, and occasionally showeredj honors upon him. 

Arabian Medicine has its Hippocrates in the great Rhazes, who was 
born in 852 at Rei, a city of Persia. He studied at Bagdad, and then 
traveled through many countries, studying and observing, and, like 
Bacon, made all Nature his study. He attained to great dignity, be- 
coming Court Physician and the friend of princes. He died in 932, poor, 
blind and friendless. Arabian writers praise him exceedingly. Abi 
Osaiba stated that Rhazes had written no less than two hundred and 
twenty-six books. There is no doubt that he was a man of rare parts, 
a versatile writer and an inspired teacher. His great work, “Al-Hawi,” 
or the “Content of Medicine,” is an evidence of his tireless industry. In 
his teachings and practice he followed Hippocrates and Galen, but he 
has given to posterity not only Vague speculations, but also exact and 
practical observations. Like many men of the Orient, he cautioned 
against drastic measures in the treatment of disease. “At the commence- 
ment of an illness,” he wrote, “choose measures whereby the strength 
may not be lessened.” “Where thou canst cure by diet, use no drugs, 
and where simple measures suffice, use no complex ones.” The state 
of the psychology of the populace regarding medicine and physicians is 
very shrewdly portrayed in the following extract made by Neuberger 
from Rhazes^ treatise, “Upon the circumstances which turn the hearts 
of most men from reputable physicians”; 

“Among those factors which make the people turn away from the 
intelligent physician and place their trust in impostors is the delusion 
that the physician knows everything and requires to ask no questions. 
If he inspects the urine or feels the pulse, he is supposed to know what 
the patient has eaten and what he has been doing. This is lying and 
deception and is only brought about by trickery, by artful questions 
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and speech, through which the senses of the public are deceived. Many 
hire men and women to find out all the circumstances of the patient 
and to report what is told them by the servants, friends, and neighbors. 
I, myself, when I began to practice medicine, had resolved to ask no 
questions when the urine had been given me, and had been much hon- 
ored. Later, when it was seen that I made circumstantial inquiries, 
my reputation sank. 

“Another circumstance which brings the physician into contempt is 
that many diseases are too little removed from the border line of health 
and are thus difficult to recognize and to cure; others, malignant in 
themselves, externally appear trivial. When the layman sees that the 
physician is in doubt concerning his cure, he draws it as certain infer- 
ence that the physician will understand still less of severer and more 
extensive illnesses. . . . 

“But the well-trained physician is also very often in doubt, and may 
take a very long time to find the proper remedy. ... A physician is 
sometimes undervalued who takes trouble over an incurable complaint; 
but the imperfection of the art should be considered, in this respect 
unlike other arts, of which men know more than is necessary, while in 
medicine men have not yet attained to the indispensable and do not 
possess a remedy for every ill. The fault is, therefore, with the art, 
and not with the physician. The public demands that the physician 
should cure in a moment, like a magician, or that he should at least 
employ pleasant remedies, which is not all times and in all cases possi- 
ble; to blame the physician on Nature’s account is a great injustice.” 

Rhazes described the symptoms and course of hydrophobia. He was 
the first to treat expressly of the diseases of childhood. He wrote learn- 
edly on erysipelas, small-pox and measles. 

But if Rhazes was the Father of Arabian Medicine, his successor, 
Avicenna, was the greatest light of that school, and far exceeded his 
medical progenitor. He was born at Bokhara in the year 980. F’rom 
childhood on he applied himself to the study of mathematics and nat- 
ural philosophy. Ilis knowledge of medicine was profound, so that 
he soon became famous not only in the city of Ispahan, where he lived, 
but in all Mussulman countries. He was a man who was given, how- 
ever, to worldly pleasures, .so much so that he was much censured during 
his life, and the Arabs have since the proverb, that neither the study 
of philosophy contributes to virtue, nor that of medicine to the preserva- 
tion of health. When only 56 years old, he died (1036), and was buried 
in the city of Hamadan, where his grave is pointed out to this day. 

The magnum opus of Avicenna is the “Canon,” the reputation of 
which at once superseded the “Al-Hawi” of Rhazes and the “Kingly 
Book” of Ali Abbas, and even the writings of Galen. This is the first 
codification of Graeco- Arabic medicine, presented in a lucid, sparkling 
style, classified and analyzed so that is becomes easily accessible to the 
reader. He attempted to make a mathematical science out of medicine, 
and he especially ridiculed astrology. 
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In the writings of the great Jewish physician, Maimonides, whose 
work was based on Avicenna's ‘'Canon," and whose books, in translation, 
wore nsed in European Universities for several centuries, we can find 
jjll that Arabian physicians have contributed to Medicine, as well as 
an epitome of the Talmudic medical lore.* It is instructive to study 
the life of this great teacher and doctor. 

Of all the cities of Spain which submitted to the Moslem yoke, Cor- 
dova especially excelled in commerce and in letters. There, in the houses 
of learning, men of fame studied and taught, and there, also, in 960, 
the Jews founded their first Academy. The Moors and Hebrews lived 
ill peace with one another, and good-naturedly endeavored to outrival 
each other in literary and philosophical attainments. In the twelfth 
('{‘iitury, Cordova was at the zenith of its glory under the prosperous 
reign of the noble Abderhaman.^ Maimonides, who was born in Cordova 
in the year 1135, was the son of generations of judges and rabbis. The 
dews had already produced a number of great men in Moorish Spain. 
Tliere was Jehuda Halevi, born in old Castille in 1085, who is the Hebrew 
prince of poets. He was a busy practitioner, and though he is 
famous for his poetry and philosophy, his livelihood was obtained by 
practicing the medical art. There were also Ibn Alamani, Samuel 
i)en Chanania, Ibn Timmon, Ibn Algami and others — men who had cre- 
ated for themselves an enviable following among Jews and Moors alike. 

It was not destined, it seems, that the calm peace and contentment 
sliould continue without interruption in the Saracen towns of Spain. 
From the northern coast of Africa there came a fanatic band of de- 
stroyers, who proceeded with fire and sword to reclaim peaceful Spain 
and turn it into a very den of chaos, where intolerance was boasted 
of, and where lack of conformity to the Islam faith was punished by 
death unless the “unbeliever" had the good fortune to exile himself 
ere the hand of the Mosque was laid upon him. Under the leadership 
of Yussof, son of Teshfin, who was influenced by certain zealots, the 
Almoravids, a fierce and war-like tribe waged warfare against the peace- 
ful inhabitants of Spain. They were entirely successful in their ven- 
tures, and in 1148 they conquered the beautiful town of Cordova, and 
vandal-like, destroyed its beautiful buildings and drove out all who 
would not accept Islamism. 

The family of Maimonides became a wanderer on the face of the 
earth. In 1159, we find them in Fez, where, though they persisted 
in the Hebrew faith, they were left unmolested. When twenty-three 
years of age, Maimonides began a Commentary on the “Mischna," which, 
after a laborious study, he completed in 1168. In his writings and ex- 
planations, he was often at variance with his predecessors and con- 
temporaries, who delighted to indulge in luxuriant phraseology and 

* The Talmud is the collection of Jewish legal knowledge, written during the 
second to the sixth centuries after Christ. The medicine in the Talmud, while it 
IS copious, is unsystematic, since it was not intended as a treatise on medicine, but 
on the relation of health and disease to the Hebrew ritual and to civil and criminal 
mw. The greater portion of the medical sayings are ascribed to Mar Samuel of 
Babylonia, who lived from 160 to 257 A. D. 
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vague symbolic blandishments. He made it his aim to eschew prolixity 
for brevity, and to confess ignorance where positive knowledge was not 
forthcoming. It was he who said that it was possible for a wise man 
to be taught by a fool, and he was fond of remarking to his scholars : 
** Teach thy tongue to say, I do not know.** 

He also was typical of the time in which he lived. He wrote on astrol- 
ogy, on metaphysics, on general philosophy, on religion and the law, and 
on medicine. Wliile in Fez the Maimonides family throve well in wealth. 
David, his brother, was a diamond merchant and was quite successful 
in his undertakings. While in Cairo, where Maimonides later resided, 
his father died. His brother perished at sea during one of his voyages 
to the Orient, and with him the whole wealth of the family was lost, 
which circumstance left Maimonides without financial support, and he 
was compelled to earn his own livelihood. He adopted the medical 
profession, and after several years of practice, became the recognized 
authority on matters medical. He was appointed private physician to 
Saladin*s Vizier, and later Court Physician to the Sultan himself. 

Maimonides was a very busy and conscientious practitioner. We 
can obtain a glimpse into the busy life of the famous doctor in perusing 
a letter that he wrote to his friend, Samuel ibn Tibbon: ‘‘I live in 
Egypt at a distance of nearly two Sabbath day journeys from Cairo, 
where the Sultan resides. The duties of my appointment demand regu- 
lar attendance upon him every morning. If there is nothing amiss 
at the court, I return home toward noon, almost famished for want 
of food ; on my return, I find the approaches to my house crowded with 
Gentiles and Jews, men of all ranks, impatiently awaiting my return. 
As soon as I have taken refreshment, I examine my patients until I 
am become so overpowered with the fatigue of speaking and prescribing 
that my speech almost fails me before I can conclude.** In a letter 
to a favorite pupil, he writes: “You know how difficult this profession 
is for one who is conscientious and exact and who states only that which 
he can support by argument or authority.-** 

The purpose of medicine, he considered, “was to teach humanity 
the causes of ill health, the correct dietetic hygiene, the methods of 
making the body capable of useful labor, how to prolong life, and how 
to avoid disease. It thus directly elevates the human being to a higher 
moral plane where the pursuit of Truth is possible and where the 
happiness of the Soul is attainable.** 

In his great “Book of Law,**' he devotes a chapter to the medical 
art. He recommends certain dietetic rules, following the prevalent medi- 
cal theories of his day. It is interesting to examine, even if cursorily, 
these regulations in dietetic hygiene: 

“Sound health of body is an unavoidable prerequisite in the de- 
velopment of the soul. It is, therefore, the duty of all persons to avoid 
all harmful things. One should eat and drink only when one has 
hunger or thirst ; but even in these cases one must not fill his belly full, 
but allow about one-quarter of the appetite to remain unsated. Dur- 
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i ng meals one should not drink water ; one might use a little wine mixed 
with water. The wines are harmful in youth, but may be tolerated 
in age. In summer one should partake of cold food and little of vege- 
tables; in winter, the opposite. Certain foodstuffs are especially harm- 
Inl, and it is wise to neglect them, for example, large fish, cheese, and 
meat which are old and are preserved in salt. Sour fruit is not to be 
(>aten ; unripe fruit acts upon the body like a sharp knife. . . . Bathing 
should be indulged in once every seven days. A person should sleep 
eight hours. During the day one should not sleep. Disease will not 
attack him who lives moderately. Among a thousand persons, only 
one dies a natural death ; the rest succumb early in life to ignorant or 
irregular behavior.” 

Maimonides closed his dissertation with the following words: “I 
assure the person who will follow my precepts that he will not suffer 
bodily pain and that he will not require the services of a physician. 
Tie will retain his powers and his faculties all through a long life, and 
at extreme age, he will die a natural death. These regulations are 
always valid. They, however, who since birth have suffered from a bodily 
ailment or who in youth have accustomed themselves to evil practices, 
will do well to read the ‘Book of Remedies,’ which I am now preparing.” 

Hygiene was the favorite theme for discourse, especially food hy- 
giene. He was one of those who believed in the avoidance of disease 
rather than in the cure of it. In his ‘‘Guide to the Perplexed,” he 
states that the variety of food taken by an individual should not depend 
upon his taste and caprice, but upon certain dietetic principles, whose 
aim it is to enhance the health and usefulness of the body. One should 
not accustom one’s self to the foods which tickle the palate, but should 
always keep in mind the desirability of prolonging life and increasing 
liealth. One should, therefore, eat of wholesome food, whether sweet 
or bitter. Exercise, he asserted, has in certain cases a decided bene- 
ficial effect. They who follow only sinful inclinations lower themselves 
to the form of brutes. “For those gifts of intelligence and judgment 
with which he — the human being — has been endowed for the purpose 
of acquiring perfection, but which he has failed to apply to their proper 
aim, are used by him toward wicked and mischievous ends; he begets 
evil things as though he merely resembles man or simulated his outward 
appearance.” 

Among the extremely orthodox, there was a certain group at that 
time who thought it sinful to consult a physician. Disease^ they argued, 
was a manifestation of the anger of the Lord, and in order to become 
cured it was necessary to fast and pray and make amends, but not to 
use medicinal herbs, or other therapeutic remedies. The use of these, 
in their opinion, smacked too much of insubordination to the divine 
power. Maimonides, on the contrary, strongly urged upon the com- 
munity the benefits to be derived from medicine: “A person should 
not reside in a neighborhood where a physician does not dwell,” was 
one of his recommendations. Among the absolute requirements of a 
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municipality were the physician, the surgeon and the bathhouse. He 
was especially particular to point out the apocryphal law that the physi- 
cian shall be used in times of illness.* ‘^Like unto a murderer,” he 
wrote, ^‘is the physician who refuse.s to tender his assistance in times 
of necessity, or who practices without due study of the. ailment which 
he is treating. ’ ’ 

Unlike the Christian physicians, Maimonides opposed secret, magical 
or mysterious remedies: “You must beware,” he wrote, “of sharing 
the errors of those who write amulets. Whatever you hear of them 
or read in their works, especially in reference to the magic names of 
God, which they form by combination,** is utterly senseless; they call 
these constructions holy names, and believe that their pronunciation 
demands sanctification and purification, and that by using them they 
are enabled to work miracles. Rational persons ought not to listen to 
such men nor in any way believe their assertions. ^ ' In another chapter 
he pleads strongly for progressive scientific and philosophical investiga- 
tions: “It was not the object of our prophets and our sages to close 
the gates of investigation entirely by these utterances,! and to prevent 
the mind from comprehending what is within its reach as is imagined 
by simple and idle people, whom it suits better to put forth their igno- 
rance and incapacity as wisdom and perfection, and to regard the wis- 
dom and distinction of others as irreligion and imperfection, thus taking 
darkness for light, and light for darkness.” 

It has been said that RambamJ was the most rational physician of 
the Middle Ages. As Muenz states, his desire was to give clear reason 
precedence over vague- mysticism. ^ ‘ The eyes, * ’ wrote Maimonides, * ‘ look 
forward, not backward.” Like Rhazes and Avicenna, he was an enemy 
of complicated, odious medications. “In minor ailments,” he wrote, 
“Nature cures the body without the need of medicinal remedies, if the 
patient follows only certain dietetic regulations. Where, however, the 
services of a physician are required, he should see to it that he aids 
Nature in her beneficial course. Most of the doctors err in their treat- 
ment. In endeavoring to assist Nature, they weaken the body with their 
prescriptions. * ^ 

Perhaps the most important medical work of Maimonides was his 
abbreviated edition and translation of Galen. He systematized the 
writings of the Pergamite, and commented on those chapters which he 
thought worthy of special note. Like his Arabian predecessors, he did 
not blindly follow the teachings of Galen, but on various occasions took 
issue with him. 

* Eeclesiasticus, xxxviii, 1 to 15. 

** Abracadabra, and other similar words. 

f “Neither make thyst?lf otherwise; why shouldst thou destroy thyself?” — 
Ecclesiastes, vii, 16. » 

“It is not good to eat much honey (learning).” — Proverbs, xxv, 27. 

“Do not inquire into things which are difficult for thee; do not search what 
is hidden from thee; study what thou art allowed to study, and do not occupy 
thyself with mysteries. ' ’ — Boole of Ben Sira, iii, 18. 

$Bambam is the name given to Maimonides. It is the collection of the initial 
letters of his name, Rabbi Moses Ben Maimon. 



history of medicine during the middle ages 25 

The ‘*Sefer Refuoth/’ or ^‘Book of Remedies/' must needs be 
reckoned his most widely known, though not most important contribu- 
tion to medicine. In this book he relates the ease of a woman who suf- 
fered from stomach disease. All the remedies that had been suggested- 
to her she had tried, but they had proved of no avail. prescribed," 
he wrote without intent to boast, “for the patient that which, no sooner 
liad she taken it, than she became stronger and her appetite returned." 
In another place he relates the medical history of a young man who 
suffered from a disease of the brain membranes; “with the help of 
God, ’ ’ he was able to cure him. 

The appointment of Maimonides to the position of chief physician 
to the Sultan carried with it the envy and enmity of the other court 
doctors, astrologers, and magicians, of whom Saladin seemed to have 
had a goodly store. But Maimonides was always courageous. His good 
faith, his knowledge and his wisdom stood him in good stead, and he 
was able to withstand the machinations of his enemies. When his daugh- 
ter and his beloved pupil died, he almost lost hope, and grieved so pro- 
foundly that he became desperately ill. In a letter, which he wrote 
to his son Abraham, who was then in Spain, we see the anguish and 
despair of the great sage: “My soij, the great labors of studying and 
writing and the immense responsibilities of my position in court, as 
well as the cares of the family, have worn me out so that I am now on 
the bed of disease. My enemies are alive and mighty, the number of 
my haters is great, and the death of your sister and my beloved pupil 
has increased my sorrow a hundredfold." 

In 1193, Saladin the Great died, and the sun of the fortunes of 
Maimonides became somewhat obscured. However, with the ascent of 
the Sultan Almalik Alafdel to the throne (1198), the horizon cleared, 
and Rambam was again clothed in the great dignities and honors that 
were his before. 

This sultan was a sickly prince, whom dissipation and debauchery 
had weakened both in mind and body. Maimonides had indeed here a 
royal patient suffering from many real and imaginary, corporal and 
mental ailments. Nevertheless, the physician did not permit that the 
royal station of his patient shoiild in any way interfere with his method 
of treatment. He was strict, and he endeavored to cure the soul of the 
prince as well as his body. He concluded one of the letters that he 
wrote to this monarch in these words: “May God in his mercy increase 
the number of the days of my lord, and strengthen his health, and 
grant him happiness of soul here and there according to the sincere 
prayers of his servant, Moses ben Maimon." 

The sultan suffered with asthma, and Maimonides made a special 
study of this disease, which he later published in a “Treatise on 
Asthma." At about this lime the Mesir Alfadhel requested Maimonides 
to write a discourse on poisons and their treatment. The cause for this 
request was the prevalence of disease in Egypt induced by the bites of 
animals, especially snakes.. Maimonides in his introduction to this essay 
pretended to no originality, but stated that he had compiled all that 
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was known in his time about the treatment of poisoning and that he 
had endeavored to present this to his reader in a concise and succinct 
form. The book consists of two divisions. The first is divided into 
four sections and deals with the treatment of the bites of animals. The 
second division, consisting of six chapters, treats of the manner of anti- 
dotal administration for internal poisons. 

Some of his recommendations are the following : The wound induced 
by the bite of a poisonous animal should be sucked dry by the lips, 
should be kept open, and alcohol and oil should be applied. Emetics 
should be promptly administered. He suggested various applications to 
the wound, among which were common salt, onions, asafoetida, etc. For 
internal poisoning he advised the use of mandrake, bezoar, precious 
stones, various aromatic principles, and especially theriaca, which in all 
times was believed to possess properties of combating the effects of the 
bites of venomous animals. 

He wrote on hydrophobia, on sexual diseases, on hemorrhoids, on 
gout, on the causes of disease, etc. His fame was so great that foreign 
monarchs requested his advice and followed his prescriptions. It is said 
that Richard Coeur de Lion desired to take him to England as his Court 
Physician, but the Hebrew doctor declined this honor. The fame of 
Rabbi Moses ben Maimon was very great during his lifetime, and after 
death all nations united in lauding him. He has been called the “Eagle 
of Doctors,’’ ** Lumen Captivitatis/^ and Moses JEgyptius,** All his 
successors had naught but praise for him after his death. The Arabic 
poet and Cadi, A1 Said ibn Surat al Mulk, sang his praise in ecstatic 
verse ; 

Galen’s art heals only the body. 

But Ibn Araram’s the body and the soul. 

With his wisdom he could heal the sickness of ignorance. 

If the moon would submit to his art, 

He would deliver her of her spots at the time of full moon. 

Cure her of her periodic defects, 

And at the time of her conjunction save her from waning.” 

Maimonides died in the sixty-ninth year of his life (1204) in Fostat, 
where both Jews and Mohammedans observed public mourning for three 
days. His body was taken to Tiberias for interment and his tomb 
became a place for pilgrimage. 

Abulkassim, Avenzoar and Averroes were also Cordovans. Abulkas- 
sim ’s writings give us an insight into the surgical technic of those days. 
Avenzoar was born toward the end of the eleventh century. He was a 
decided foe of quackery, and his advice to his scholars was that “ex- 
perience is the best guide and test of practice; and that every physi- 
cian conforming to this test would be acquitted both here and here- 
after.” He experimented on goats and other brutes. He stated that 
he had practiced bronchotomy on goats and that it was a feasible opera- 
tion. For obstruction of the esophagus, he advised either the passage 
of a tin or silver tube through which the patient can be fed, or feeding 
the patient by means of inunction or bathing in milk or other nutrient 
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fluids, or by administering nutrient enemata. The last method he used 
in a pregnant woman for six weeks' time with complete success. Aven- 
zoar died full of years in 1162. 

Averroes (Ibn Roshd) was born in Cordova in 1126. He was the 
son of the High Priest and Chief Justice of Cordova, and was edu- 
cated in the University of Morocco. His religious skepticism and his 
love for the pagan learning led to his persecution and exile. Even the 
Christians were against him in the succeeding centuries. He was spoken 
of as ‘^the mad dog who barked against the Christ,” and was called by 
Erasmus “impious and thrice accursed.” He died in 1198 in Morocco. 
Mediaeval writers have given him the title of * ‘ The Commentator, ' ' par 
excellence, for his writings aim to restore the philosophy of Aristotle 
and Plato. 

These men broke somewhat the pall of theological darkness that cov- 
ered Europe, and men were born in England and Italy, in Spain and 
in Prance who revived learning, and sought to study Nature by experi- 
mentation and investigation. This awakening marks the beginning of 
the modern period, when men followed the advice, “Ye shall know 
the Truth, and the Truth will make ye free.” With Roger Bacon, the 
Englishman, who was intellectually three centuries in advance of his 
time, we find the culmination in Europe of Arabian knowledge. He, 
however, was not a medical man, but the path that he had hewed during 
a life of persecution and suffering was much widened by the scholars 
that followed him. 
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CHAPTER III 


inSTORY OF MEDICINE DURING THE SIXTEENTH AND 
SEVENTEENTH CENTURIES 

By Max Kahn, M.A., Pii.D., M.D. 

The era that produced Columbus and Savonarola and Leonardo da 
Vinci is the most illustrious in Italian history. The reawakening of 
Europe from its lethargy of so very many centuries is especially evi- 
denced in the strivings and teachings and writings of these men. The 
Genoese navigator felt the spur of the times, irked at the circumscribed 
limitations of the physical world, and ventured forth on the great un- 
known Ocean to peer into the mystery of the Beyond, and to uncover 
the vast continents that had been hidden liitherto to civilization. 

The Doctor Paustus of the fifteenth century is Leonardo. In the 
portrait that we have of him, we see a venerable man, with a long flow- 
ing beard, a high forehead, and a face full of wisdom and learning. 
It is the face of old Paustus, who having studied much and learned much, 
sees the narrow confines of his world, and seeks higher altitudes and 
wider horizons for his contemplation : 

I have, aka I Philosophy, 

Medicine, Jurisprudence, too, 

And to my cost Theology, 

With ardent labor, studied through. 

And here I stand, with all my lore, 

Poor fool, no wiser than before. 

Already these ten' years I lead, 

and learn 

That we in truth can nothing know! 


Woe’s me! still prisoned in the gloom 
Of this abhorred and musty room! 

Where heaven’s dear light itself doth pass 
But dimly through the painted glass!” 

Pious, ascetic Girolamo Savonarola might, indeed, preach against the 
profligacy and inunorality of the period in which he lived. With Ham- 
let, he might have exclaimed, 


‘^0 cursed spite, 

That ever I was bom to set it right.” 


Por the times were unsettled and ungodly, and the world was reeking 
with rottenness and corruption. The fourteenth and fifteenth centuries 
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have been called the Age of Despots in Italy. Tyrants, deriving their 
power either by heredity, or by pretended authority on the basis of 
imperial right in Lombardy, or through their power as chief of some mil- 
itary force, or through their wealth, established dynasties in the various 
principalities and cities, oppressed the burghers with heavy taxes and 
cruel laws, until some more formidable tyrant of some neighboring 
town waged war against them, and substituted his despotic rule in their 
stead. In such times of strife and turmoil which were characteristic 
not only of Italy, but also of all Europe in that period, it is not customary 
for Arts and Science to flourish, and the reason for the literary and 
scientific prosperity in Italian cities is to be found in the personality 
of the very tyrants that caused all the misery of the masses. 

In Italy, the personality of the individual — his mentality, his ruth- 
lessness, his physical prowess, his command of men — was considered of 
more account than his family tree, or his legal privileges or his moral 
rights. Illegitimacy of birth was not deemed a blot on the escutcheon of 
a powerful leader. ^‘The last La Scalas were bastards. The House of 
Aragon in Naples descended from a bastard. Gabriello Visconti shared 
with his half brothers the heritage of Gian Galeazzo. The line of the 
Medici was continued by princes of more than doubtful origin. Suspi- 
cion rested on the birth of Frederick of Urbino. The houses of Este 
and Malatesta honored their bastards in the same degree as their lawful 
progeny.” 

The tyrants of Italy were usually able men, if they were quite fre- 
quently merciless and treacherous. They vied with one another in the 
brilliancy of their courts. To drive away the malign fears and evil 
fancies which frequently tortured their conscience, they surrounded 
themselves with men of letters, artists, musicians, astrologers, and buf- 
foons. Certain of them — Gian Galeazzo Visconti, Can Grande della 
Scala, Francesca and Ludovico Sforza, and others — fostered the founda- 
tion of libraries, the building of palacCs, the adornment of churches, and 
patronized all the sciences and arts. “The life of a despot was usually 
one of terror. He surrounded his person with foreign troops, protected 
his bedchamber with a picked guard, and watched his meat and drink 
lest they should be poisoned. He dared not hope for a quiet end. No 
one believed in the natural death of a prince ; princes must be poisoned 
or poniarded.” Since he had no friends, the tyrant invited entertainers 
— artists or alchemists, philo.sophers or buffoons — whom he could patron- 
ize, and whose devotion and gratitude he could buy. 

Toward the latter part of the fifteenth century, the court of Florence 
under the rule of Lorenzo di Medici was the most brilliant. Francesco 
Guicciardini, one of the friends of Pdpe Clement VII, has said that “if 
Florence was to have a tyrant, she could never have found a better or 
a more pleasant one.” Lorenzo had no compunction in elevating the 
very lowest to the very highest office, if he thought the person merited 
promotion. In this court, Leonardo da Vinci (the bastard son of a 
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small noble) at the age of eighteen became one of the artists, and he 
resided there for twelve years, until 1482. 

Successively under the patronage of the Dukes of Milan, Mantua, and 
Florence, the King of France and the Pope, Leonardo traveled from 
('ity to city, until finally he settled in Paris. The King of France, in 
liopes that the great Italian had many more years to live, gave him a 
salary of seven hundred crowns a year, and appointed him architect, 
painter, engineer and mechanician. But Leonardo’s life was fast ebbing, 
llis right hand became lame. In a drawing that he made of himself at 
about this time, we see an aged man seated amid a landscape, absorbed 
in melancholy refiections. A little later we see him as he depicts himself 
in the well-known portrait at Turin. ^‘An unkempt, time-worn and 
weather-beaten man, with long wisps of scanty gray hair falling about 
his head and face, and a nose which overhangs the upper lip of a tooth- 
less mouth, whose corners droop as though distorted by pain.” It is 
Faust that we have here before us, Faust to whom all his labors of 
research have brought but the one certainty — that the knowledge he 
seeks is unattainable. Isolated and apart, the whole earth was powerless 
to offer him that which he sought. “Where the depth of feeling is the 
greatest, the martyrdom also is greatest,” he once wrote in his diary. 

A patron of art who visited him in 1516 describes the studio in which 
Leonardo lived, like an ancient magician, amid a confusion of retorts, 
flying machines, skeletons, stands and chemical apparatus. 

On May 2, 1519, Leonardo passed away. Sixty poor people who had 
experienced his charity followed the funeral procession with torches. 
Francesco Melzi, his literary heir, announced his death to his family at 
Florence, with the words: “Every one mourns with me the loss of a man 
such as Nature is powerless to create a second time. ’ ’ 

Born at a time when the world was just entering upon the Modern 
Era, Leonardo was mentally very much in advance of his epoch. He 
studied, experimented and then drew conclusions. No accepted dogma, 
no conventional belief, no current supposition was taken for granted. 
With almost superhuman power he delved into all the scientific mysteries 
and seldom failed to bring forth lucid explanations of what seemed to 
others of his time inexplicable phenomena. Alexander von Humboldt 
has said of him, “He was the first to start on the road towards the point 
where all the impressions of our senses converge in the idea of the 
Unity of Nature.^* 

Leonardo was a Greek of the Age of Pericles, who lived in the time of 
Savonarola. It is said of him that he had given up his Christian faith 
when he was at Cairo as Engineer to the Sultan. 

Merezhkowsky has well portrayed Leonardo da Vinci. He represents 
him as mocking both the alchemist and necromancer as well as the 
ascetic and religious. He pictures (with poetic license) Leonardo listen- 
ing to Savonarola haranguing the masses to turn away from worldly 
pleasures, and while the crowd fears and trembles and shrieks **Mif<eri- 
cordia, Domine, misericordia/* he (a faint smile lurking about his lips) 



32 


SIXTEENTH AND SEVENTEENTH CENTURIES 


draws a- caricature of Savonarola. “He purged Christian art of its 
pessimism, its depression of spirit, and its asceticism. Youth is stamped 
on all his work. It is true that Leonardo also painted the mysteries 
of the Catholic faith, yet, before his ‘Last Supper,’ we are reminded 
of Plato’s feast and the School of Athens — of Greek philosophers, not 
of the inauguration of Christian Sacrament. And not only that, but 
beneath the figure of Christ, mild, gentle, self-sacrificing, he inscribed 
the legend, ‘Ecee Homo!’; while below the equestrian statue of Fran- 
cesco Sforza, the erstwhile peasant-lad, who — thanks to his good right 
arm — sat before his death on the ducal throne of Milan, he engraved 
the proud inscription, ‘Ecce Deusl’ ” 

It is claimed by Seailles that Da Vinci introduced the experimental 
in science, and while Bacon may have more influenced posterity by his 
writings, the Italian was the greater of the two in this regard. “Those 
who are in love with practice without Knowledge,” wrote Leonardo, 
“are like the sailor who gets into a ship without rudder or compass and 
who never can be certain whither be is going. Practice must always 
be founded on sound theory. The interpreter of nature is experience; 
she never deceives us ; it is our judgment that sometimes deceives itself, 
because it looks for effects which experience denies to us.” He attacked 
alchemy and magic with force. “Oh! speculators on perpetual motion, 
how many vain projects of the like character you have formed! Go 
and consort with the seekers after gold.” “Many have a trade of 
delusion and false miracles, deceiving the stupid multitude.” 

To anatomy and physiology Leonardo made many noteworthy con- 
tributions. Vasair expressly mentions Leonardo’s anatomical studies, 
having had occasion to examine the manuscript books which refer to 
them. According to him, Leonardo studied anatomy in the companion- 
ship of Marc Antonio della Torre. This learned anatomist taught the 
science in the Universities, first of Padua and then of Pavia, and at 
Pavia he and Leonardo may have wmrked and studied together. We 
have no clue to any exact dates, but in the yeaT* 1506 Marc Antonio 
della Torre seems to have not yet left Padua. He was scarcely thirty 
years old when he died in 1512, and his writings on anatomy have not 
only never been published, but no manuscript copy of them is known 
to exist. In Leonardo’s manuscripts on anatomy, no mention is made 
of his younger contemporary. 

Hunter, the greatest English surgeon of the time of George III, had 
occasion to examine the anatomical drawings of Leonardo. ‘ ‘ I expected, ’ ’ 
he writes, “to see little more than such designs in anatomy as might be 
useful to a painter in his own profession. But I saw, and indeed with 
astonishment, that Leonardo had been a general and a deep student. 
When I consider what pains he has taken on every part of the body, the 
superiority of his universal genius, his particular excellence in mechanics 
and hydraulie.s, and the attention with which such a man would examine 
and see objects which he has to draw, I am fully persuaded that Leonardo 
was the best anatomist at that time in the world. Leonardo was certainly 
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Ji(* first man we know of, who introduced the practice of making ana- 
jomical drawings.” This opinion has been confirmed by Sir Charles 
Bell, who stated that “Michael Angelo and Da Vinci were the best anat- 
omists of their day, and therefore, they w’^ere the first of artists,” and 
by Robert Knox, who testifies that Leonardo was “one of the greatest 
of men; the first of all artists — a profound anatomist — inventor of true 
ieoTiographical anatomy, and perhaps even of the descriptive.” 

Leonardo, the artist, did not lose opportunity to perform an autopsy 
when lie could. “And this old man, a few hours before his death, told 
me,” he writes, “that he had lived a hundred years, and that he did not 
feel any bodily ailment other than weakness, and thus while sitting 
. . . he passed away from his life. And I made an autopsy in order to 
ascertain the cause of so peaceful a death, and found that it proceeded 
from weakness through failure of the blood and of the artery that feeds 
the heart and the other lower membranes, which I found to be very 
parched and shrunk and withered; and the result of this autopsy I 
wrote down very carefully and with great ease, for the body was devoid 
of either fat or moisture, and these form the chief hindrance to the 
knowledge of its parts. The other autopsy was on a child of two years 
and here I found everything the contrary to what it was in the case of the 
old man.” 

But Leonardo was not a physician. He could draw what he saw, 
and describe it in script that one could read only by holding it against 
a mirror — in this way not offending the “faculty.” For the medical 
“faculty” of those days was as coy and timid of new advances as the 
doe is of the hunter. The congregated college held Aristotle and Galen 
as infallible individuals. The philosopher had cautioned against just 
such an eventuality: “I charge you, forever reject those who would 
expound me, for I cannot expound myself; I charge that there be no 
theory or school founded out of me; I charge you to leave all free, as 
1 have left all free.” 

Nevertheless, the teachings of the Stagyrite, with the revival of 
learning, became canonical, and so it was also with the writings of the 
Pergamite. In the following extract from the statutes of the Academy 
at Ilelmstadt, we observe the spirit of the times : 

“We desire the medical art, even as it was rightly and wholly fixed 
and handed down, under the guidance of God, by the artists Hippocrates, 
Galen and Avicenna, to be preserved and diffused by teaching. We rec- 
ommend that ... all corruptions of medicine not agreeable to the doc- 
trines of Galen and Avicenna, be banished entirely from the Academy.” 

Galen had written that the thigh bones are curved, that there is an 
intermaxillary bone, and other absurd statements that the most super- 
ficial observation would have proved wrong. Yet Sylvius, the anatomist 
of the sixteenth century — an able man otherwise — was convinced that 
Galen was right and all modern experience to the contrary was wrong. 
J^ylvius — ^who must have been a man devoid of all sense of humor — 
affirmed that in nature the thigh bones are curved, but their straightness 

VoL. 1.-3. 
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h due to the narrow trousers that men wore. *‘A human skeleton was 
brought to Sylvius. ‘Where is this maxillary bone?’ he was asked. The 
faithful Galenist answered angrily, ‘Man had this bone when Galen 
lived. If he has it no longer, it is because sensuality and luxury have 
deprived him of it.’ 

In the sixteenth century there lived Andreas Vesalius (1514-1564) 
of Brussels who revived the study of anatomy from the medical point of 
view. He looked at the human body, dissected it, and described what 
he saw, and not what Galen had mistakenly thought he saw. At the age 
of twenty-two he became Professor of Anatomy in the University of 
Padua, where his enthusiastic lectures and demonstrations attracted 
great crowds of students. He audaciously ventured to dissect personally 
(without the assistance of a barber) human beings, and not only pigs 
and dogs as had been the custom. He pointed out many of Galen’s 
errors : There was marro^v in the bones of the hand ; the symphysis did 
not separate during parturition ; the ascending vena cava did not arise 
from the liver; the mandible was not composed of two bones; there was 
no imputrescible bone in the heart; etc. His contributions to our knowl- 
edge of the anatomy of the brain, heart, skull, spinal column, ear, 
pleura, etc., were epo(‘h making. Unlike Ijconardo, he could not draw, 
anti he was comi)elled to employ artists who made the drawings for him. 
These anatomical investigations and illustrations he gave to the world 
in his wonderful book, “Do Humani Corporis h'abrica.” 

His passion for dissection of the human body resulted in his undoing. 
Once he performed an autopsy on a great nobleman, and upon opening 
the chest, all who were present observed that the heart was still beating. 
For this act of impiety he was condemned to death, from which he was 
saved by the king’s intervetition. His sentence was commuted to making 
a penance journey to Jerusalem, upon the return from which he was 
invited to resume the Chair of Anatomy at Padua. On his voyage 
thither, his ship was wrecked, and he died from hunger and exposure 
on the shore. 

Contemporary with him were the anatomists Ctesalpinus, Eustachius, 
Fallopius, 8ervetus, Tngrasias, and Realdus Columbus — men who estab- 
lished the science of anatomy on a foundation of truth and fact, obtained 
by personal investigation and study. The examination of the structural 
make-up of man led to further experimentation in the study of the func- 
tion of the organs, and the discovery of the circulation of the blood. 

It had been stated by Galen that the left and right cardiac ventricles 
were connected by means of openings in the interventricular septum. 
This Vesalius definitely denied. But he believed wdth Galen that the 
arteries contained blood mixed with spirits. The Netherland Anatomist 
had, however, observed in his study of the finer divisions of the lower 
vena cava and portal vein in the liver that “the extreme ramifications 
of these veins inosculate with each other, and in many places appear 
to unite and be continuous.’’ This statement is the result of a pure 
anatomical observation, but he drew no general deductions therefrom. 
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Though Galen knew nothing of the systemic circulation, he surmised, 
,ir at least hinted at, a pulmonary circulation. He quite clearly states, 
‘We cannot suppose that any considerable x>ortion of the blood that is 
s(‘iit to the lungs by the former vessel (pulmonary artery) is appro- 
priated by them for nourishment. It is, therefore, evident that it must 
l)p transmitted to the left sinus of the heart.” To this shrewd guess 
nothing new had been added for almost fourteen centuries. 

To Winter of Andernach, and especially to Servetus, is due the 
credit for discovering the pulmonary circulation. It is fitting that a 
t'ew words be written of the life and labors of the latter. 

Michael Servetus was born at Tudelle in Navarre in 1511. When 
fifteen years old, he sought service in Spain under Charles V. He 
was a deep thinker and a great lover of truth, and there was no place 
in Spain at that time for such a man. There the cult of the Jesuits were 
in supreme control, and to offer newer thoughts was considered heretical 
and to be punished by purification on the auto-da-fe. He, therefore, 
left the cities of sunny Spain and w(‘nt to the Protestant countries in 
search of freedom of self-expression. But the Lutherans and the Cal- 
vinists were no less intolerant than were the Papists. Luther himself, 
for example, derided Copernicus’ statement regarding the orbits in 
which the earth traveled, and he declared, *‘Tho fool wants to upset 
the whole science of astronomy, but as the Holy Scriptures show, Joshua 
commanded the sun and the moon to stand still and not the earth.” 

Servetus was very sadly disappointed. He atltnnpted to reform 
medicinal preparations by writing a book on the rational preparation 
of syrups. For this attempt at trying to improve on hoary practices, 
the Parisian Faculty sought to impeach him. One can imagine that if a 
radical opinion on medicated syrups was deemed deserving of condemna- 
tion, how much more would a radical theological opinion arouse the ire 
of the fanatics. 

In 1553, there was published Servetus’ book, entitled ^‘Christianismi 
Pestitutio,” in wdiich he expressed his doubts regarding the “trinity,” 
“baptism,” etc. The Calvinists and Catholics made common cause 
against Servetus. He was burnt in effigy at Vienna, and wdien Calvin 
caught him in his toils in Geneva, he condemned him “to be bound, and 
led to the place of Champel, there to be fastened to a stake, and burned 
alive with thy book, as well written by thy hand as printed, even till 
thy body be reduced to ashes, and thus w’ilt thou finish thy days, to 
furnish an example to others who might wish to commit the like.” He 
was executed on October 27, 1553. 

In the fifth division of this otherwise uninteresting book — who can 
now find interest in a theological controversy of the sixteenth century f 
— we find the passage where reference is made to the pulmonary circu- 
lation of the blood.2 

^^In order properly to understand this condition of things it becomes 
necessary to know beforehand the substantial generation of the life spirit 
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itself, which is composed of the inspired air and finest blood, nourished 
by the same. This life spirit has its origin in the left chamber of the 
heart, the lungs especially assisting in its generation. It is a delicate 
spirit breath, produced by the force of warmth, of clear color, burning 
force and to a certain extent composed of a transparent foam formed 
out of pure blood and containing in its substance water, air and fire. 
It is generated by the admixture of the inspired air and the thinned blood 
furnished by the right chamber of the heart to the left. This, however, 
does not take place through the middle wall of the heart, as has been 
hitherto supposed, but by an highly intricate mechanism the finely 
divided blood is conveyed by the right chamber of the heart by a devious 
route through the luTigs. The lungs prepare it for use by clarifying it 
and pass it from the arterial vein into the venous artery. It is thus 
mixed with the inspired air in the venous artery itself and by expiration 
is again cleansed from soot. Finally the whole mixture is drawn through 
diastole serving (if I may be permitted to use the expression) as a 
suitable household utensil for the life spirit. 

‘‘That this preparation and assimilation takes place in the lungs, is 
manifest by the extensive union and anastomosis of the arterial vein 
with the venous artery of the lung. This is confirmed by the striking 
size of the arterial vein, which could not have reached such dimensions 
and have sent the blood from the heart into the lungs with such force 
by its own nutritive power, nor could the heart serve the lungs in a like 
manner, especially since in the embryo the lungs receive their nourish- 
ment from other sources. ... 

“The lungs also send to the heart not only mere air, but such as is 
mixed witli blood through the venous artery. The admixture, therefore, 
takes place in the lungs and not in the heart. , . . Tn the same compli- 
cated manner as occurs in the liver, where transmission takes place 
from the portal vein to the vena cava on the part of the blood, so also 
happens in the lungs the transfer from the arterial vein to the venous 
artery on the part of the life spirit. 

The discovery of Servetus was plagiarized by Matthew Realdus 
Columbus, who had obtained possession of one of the few volumes that 
had not been burnt by Calvin. Prom his professorial chair at Rome, 
Columbus taught the pulmonary circulation to his students, and in 1559 
he published his book, “Dc Re Anatomica,” where we find passages 
almost identical with those of the martyred physician. 

In such theoretical state did William Harvey (1578-1667) find the 
important cjuestion of the blood distribution and circulation. He is 
one of the great lights of his lime which has produced so very many 
great men. His contemporaries -were Shakespeare and Milton. Bacon 
and Napier, Boyle and Galileo, Spinoza and Descartes, Leeuwenhoek 
and Malpighi, Mayow and Toricelli. An age that produces such a galaxy 
of famous men must have in it something that is noble and inspiring. 
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William Harvey was born at Folkstonc, England, in 1578. He was 
the son of a well-to-do yeoman, much respected in the community where 
he lived. At nineteen years of age, he graduated from Cambridge Uni- 
versity, and then left for the continent, studying in Padua under the 
great teacher, Pabricius. After four or five years of study in Italy, he 
returned to England, obtained his doctor’s degree in medicine from 
(’ambridge, and began practicing his profession. He was of a choleric 
and rather impetuous character. Harvey was not tall,” says Aubrey, 
*‘hut of the lowest stature; round face with a complexion like the 
Avainscot ; his eyes, small, round, very black, and full of spirit ; his hair, 
black as a raven, but quite white twenty years before he died ; rapid 
in liis utterances, choleric, given to gesture.” 

There is no doubt that to William Harvey is due the great honor of 
first describing the circulation of the blood. Ca\salpinus had deductively 
concluded that the blood must circulate. *^The passages of the heart,” 
lie wrote, ‘‘are so arranged by Nature that from the vena cava a flow 
takes place into the right ventricle, whence the way is open into the 
lungs. Prom the lung, moreover, there is another entrance into the left 
ventricle of the heart from which then a way is open into the aorta 
artery, certain membranes being so placed at the mouth of the vessels 
that they prevent return. Thus there is a sort of perpetual movement 
from the vena cava through the heart and lungs into the aorta artery.” 
Piesalpinus’ concet)tions were based, however, not on experimentation, 
and’ he did not explain how the arteries and veins are connected. 

Pabricius, the teacher of Hanley, had pointed out that the veins 
had ” little doors” or valves to prevent the return flow of the blood to 
the heart. All these facts must have been known to Harvey. 

“When I first gave my mind to vivisection,” wrote Harvey, “as a 
means of discovering the motions and uses of the heart, and sought to 
discover these from actual inspection, and not from the writings of 
others, I found the task so truly apduous, so full of difficult ies, that I 
was almost tempted to think . . . that the motion of the heart was only 
to be comprehended by God. ... At length, and by using greater and 
daily diligence and investigation . . . making frequent inspection of 
many and various animals, and collating numerous observations, I 
thought that I had attained the truth . . . and that I had discovered 
. . . both the motion and the use of the heart and the arteries.” 

In 1616, Harvey in his Lumleian lecture first expounded his discov- 
ery of the circulation of the blood. He waited twelve years, until 1628, 
before he presented his work to the world in that great classic, ”The 
Movement of the Heart and the Blood.” 

In Chapter IX of his book, he thus describes the motion of the blood : 

* ‘First : the blood is incessantly transmitted by the action of the heart 
from the vena cava to the arteries in such quantities that it cannot be 
supplied from the ingesta, and in such a manner that the whole must 
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very quickly pass through the organ. Second: the blood under the 
influence of the arterial pulse enters, and is impelled in a continuous, 
equable and incessant stream through every part and member of the 
body, in much larger quantity than were sufficient for nutrition, or than 
the whole mass of fluids can supply. Third : the veins in like manner 
return the blood incessantly to the heart from all parts and members 
of the body. These points proved, I conceive it will be manifest that 
the blood circulates, revolves, propelled and then returning, from the 
heart to the extremities, and thus that it performs a kind of circular 
motion. ’ ^ 

Of course, Harvey met with much abuse and ridicule and skepticism. 
The French school raised absurd objections. First of all, the theory 
emanated from an Englishman (the historic enemy of the French) ; 
thait alone was enough to condemn it. Secondly it controverted the time- 
lionored laws of Hippocrates and Aristotle and Galen. And thirdly, 
‘‘If the blood circulates,’’ said they, “it is useless to bleed, because the 
loss sustained by an organ will be immediately repaired, hence bleeding 
would be useless, therefore the blood does not circulate.” Even in 
England, Reid, the lecturer on anatomy, continued teaching the Galenic 
theories for thirty years after Harvey’s book was published. And not 
only did Harvey meet with scientific disapproval, but the public and 
the medical profession, thinking that he was “crackbrained,” shunned 
him, so that “he fell mightily in his practice.”® 

In 1651, Jean Pecquet discovered the thoracic duct, and described the 
lymphatic circulation. Four years after Harv’cy’s death, Malpighi 
(1628-1694), in 1661, described the capillary circulation. He wrote, 
“There appears a network made up of the continuations of the two 
vessels. This network not only occupies the wdiole area, but extends to 
the walls, and is attached to the outgoing vessel. . . . Hence it was clear 
to the senses that the blood flow^ed along tortuous vessels, and was not 
poured into spaces, but w'as always contained wPhin tubules.” 

Harvey once 'wrote in an album “Dii laboribus omnia vendunt.” 
With labor and patience men have wrested from Nature many of her 
secrets, and are daily delving deeper, making themselves more adept in 
their procedures of investigation, and more deft in their technic. 

In the first half of the seventeenth century, the force of Francis 
Bacon’s teachings began to bear fruit. He was the great preacher of 
research and experimentation. “Man,” he wrote, “. . . can do and 
understand so much, only as he observes in fact or in thought of the 
course of nature; beyond this he neither knows anything, nor can do 
anything.” “Of such observation there will be hardly any . . . profi> 
cience . . . except there be some allowance for . . . experiment.” “For 
Nature like a witness reveals her secrets when put to torture.” He 
preached united effort, and his influence resulted in the establishment of 
the learned scientific societies in Europe. In the “House of Solomon,” 
Bacon imagined a Utopian learned society. The “riches” of the House 
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.,f Solomon consisted in a series of laboratories devoted to all conceivable 
subjects of experimental research, ’W'ith facilities of Utopian perfection 
-laboratories beneath the ground, observations on high towers upon, 
uiountain peaks ; all apparatus for physiological experiments ; botanical 
<irul zoological experiment stations in the fullest sense of the word; 
places for dissection, chemical, pharmacological and physical labora- 
tories; special laboratories for the study of heat, of optics, of sound, of 
(Migineering problt^ms, all sketched in a completeness which the twen- 
tieth century has not reached, but along lines toward which scientific 
ju’ogress has been advancing. All this is put in charge of a hierarchy of 
scientists, the Merchants of Light, who are to bring news from foreign 
lands, the Depredators who ransack books for scientific facts, the Mys- 
tery Men who collect experiments in the mechanical arts, the Pioneers 
wlio try new experiments, the Compilers who tabulate tlie results, the 
Dowery Men who try to derive practical benefit, the Lamps who direct 
new experiments, the Inoculators who try these, the Interpreters of 
Nature who raise . . . discoveries into greater observations, axioms, 
aphorisms. ’ ' ^ 

In Italy was organized the first scientific society, the Academia del 
(■imento of Florence (1657-1667). !The Royal Society of England W 7 is 
organized during the years 1660 to 1662. In Prance, the Academic des 
Sciences was established in 1666. These learned societies encouraged 
research, corresponded with one another, so that they spread their dis- 
coveries, and by grants aided investigators in different lands in the pur- 
suit of their experimentation. 

It had been long the aim of certain men to find means to aid the sense 
of vision, so as to be in a position to examine the minute in Nature. 
They say that Roger Bacon first ground glasses for the eyes. It was 
either Galileo or Fontana or Jensens who first devised the microscope 
— in very crude form — and it was Drebbel of Holland who improved it 
early in the seventeenth century. , 

In 1665, the great Englishman, Robert Hooke (1635-1703), published 
his book on “Micrographia,’^ in which he describes certain minute forms 
that he had observed by means of the microscope. “In every little par- 
ticle of matter,^' he exclaimed, “wc behold almost as great a variety of 
creatures as we are able before to reckon in the universe,'^ and lie urged 
further study. “We have imperfect senses,^’ he wrote, “and imperfect 
memories, hence imperfect understanding ; only the experimental knowl- 
edge can rectify these defects.’^ 

Hooke was followed by the great investigators, Malpighi and Swam- 
merdam and Leeuwenhoek, who made such very wonderful discoveries 
by means of the microscope, and who were the true founders of our 
modern conceptions of various biological sciences. 

Marcello Malpighi was born near Bologna in Italy, in 1628. He 
studied in the University of that city, and in 1653 he obtained the med- 
ical doctorate degree. At Bologna and later at Pisa he held the Chair 
of Anatomy, was personal physician to Pope Innocent XII, and was 
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honorary member of many foreign societies. His histological work on 
the lungs, demonstrating the “air cells,” on the passage of the blood 
through the capillaries, on the histology of the glands, skin, etc., are 
epochal, rfe j^so studied the anatomy of the silk worm, and made fine 
drawings descriptive of what he saw. In studying plants, he saw the 
cells, which he called “utricles,” thus anticipating the discovery of 
Schleiden and Schwann. 

Contemporaneously there lived in Holland, Jan Swammerdam (1637- 
1680), whose industry, knowledge and skill resulted in the addition of 
much to our knowledge of biology. In his book, “Biblia Naturae” 
where all his writings are collected, we find the results of his study of 
insects. It “contains about a dozen life histories of insects worked out 
in more or less detail. Of these that of the mayfly is the most famous, 
that on the honey bee the most elaborate.” He showed experimentally 
that nerves are irritable, and that muscles may respond to stimuli after 
their removal from the body. “It is evident,” he writes, “from the 
foregoing observation, that a great number of things concur in the con- 
traction of the muscles, and that one should be thoroughly acquainted 
with that wonderful machine, our body, and the elements with which 
we are surrounded, to describe exactly one single muscle and explain its 
action. On this occasion it would be necessary for us to consider the 
atmosphere, the nature of our food, the brain, marrow and nerves, that 
most subtle matter which instantaneously flows to the fibers, and many 
other things, before we could expect to attain a sight of the perfect 
and certain truth.” . 

We must not forget to mention that it was Swammerdam who took 
a decided stand against the supposition that small living things may be 
created spontaneously — but it remained for Pasteur, two hundred years 
later, definitely to demonstrate the absurdity of the conception of the 
spontaneous generation of life. 

With Antony van Leeuwenhoek (1632-1723) began systematic 
microscopic anatomy. He was a very quiet and composed man, who 
lived to a v(‘ry great age. Of him Richardson writes, “In the face 
peering through the big wig there is the quiet force of Cromwell and 
Ihe delicate disdain of Spinoza. ... It is a mixed racial type, Semitic 
and Teutonic, a Jewish Saxon; obstinate and yet imaginative; its very 
obstinacy a virtue, saving it from flying too far wild by its imagina- 
tion.” ® 

Leeuwenhoek was the son of a rich Delft brewer, and while young 
was trained in anything but scientific occupations, But the wealth of 
the family gave him influence and power, and after dropping the com- 
mercial pursuits, for which he seemed *to have no taste, he began scien- 
tific investigations. He knew the famous scientists of his day. In 1673, 
De Graef sent his first paper to the Royal Society of London. In 1698, 
his fame had grown so great, that Peter the Great of Russia visited him 
to inspect his microscopes. 
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Leeuwenhoek was neither trained in medicine, nor was he a prac- 
titioner. He was skeptical of medicine as a practical art. When he did 
venture into a medical research, he did so half apologetically. “Some 
will think,’’ he writes, “that I am going out of my province, but these 
I'oiisiderations weigh very little with me, forasmuch as every judicious 
person knows that physicians themselves in many things proceed merely 
l)y guess, and, therefore, I assume to myself the liberty of offering my 
suggestions on the subject.” The subject w’as the physiology of diges- 
tion. 

In his essay, “On the Circulation of the Blood,” he reports that the 
l)lood is composed of exceedingly small particles, named globules, which 
in most animals are of a red color, sAvimming in a liquid, called by physi- 
cians the serum. By watching the globules, one observed the motion of 
the blood. When he examined the tail of the tadpole, he was delighted to 
sec* the capillary circulation. “A sight presented itself more delightful 
than any mine eyes had ever beheld; for here I discovered more than 
fifty circulations of the blood in different places, while the animal lay 
quiet in the water, and I could bring it before my microscope to my wish. 
For I saw, not only that the blood in ipany places was conveyed tlirough 
exceedingly minute vessels, from the middle of the tail towards the 
edges, but that each of these vessels had a curve or turning, and carried 
the blood back towards the middle of the* tail, in order to be again 
conveyed toward the heart. Hereby it plainly appeared to me that the 
blood-vessels I now saw in this animal and which bear the name of 
arteries and veins, are, in fact, one and the same; that is to say, that they 
are properly termed arteries so long as they convey the biood to the 
furthest extremities of its vessels, and veins when they bring it back 
to the heart. And thus it appears that an artery and vein are one and 
the same vessel prolonged or extended.” 

The great revolutionary practitioner of the sixteenth century was 
Philip Theophrastus Bombast Paracelsus von Hohenheim (1493-1541). 
He was born in Switzerland. His father wms the illegitimate son of a 
high nobleman. In his youth he had to struggle with poverty and want. 
He received his medical education from his father, and he never studied 
in a university, for which he was much criticised as w^ell as for his 
independent thinking. “My accusers,” he remarks, “complain that I 
have not entered the temple of knowledge through the legitimate door. 
But which is the truly legitimate door ? Galen and Avicenna, or Nature ? 

1 have entered through the door of Nature : her light and not the lamp 
^'f an apothecary’s shop has illuminated my way.” 

Says Robinson; “Paracelsus was an iconoclast; he had no use for 
Ihe medicine of his day. His aim was to reform it from beginning to 
^'od. He was not the highest type of reformer. He had not the calm 
dignity and lofty reserve of Giordano Bruno, he lacked the sublimity 
Bpinoza, and the modesty of Darwin was not his. He had a streak 
‘>f clownishness in him and possessed the elements of a buffoon. He was 
often as gross as the autocrats of his time, and could have engaged in 
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and meekness pleased the orthodox practitioners, and they withdrew 
their open opposition to the book. 

The faulty in the time of Louis XIV was the same in aspirations 
and ideas^ as the faculty of the time of the last Valois. Surgery was 
held in contempt, because no dignified physician would hold a knife in 
his hand, and to elevate the barber to the rank of a doctor was not to 
be thought of. The faculty opposed innovation. As has been stated, 
circulation of the blood was rejected because Harvey was an English- 
man. If the blood did circulate it was against the laws of the faculty. 
It had no business to flow contrary to the beliefs of Hippocrates and 
Galen. The prescribing of antimony was prohibited by the Parisian 
School, for the simple reason that the faculty of Montpellier recom- 
mended it. Do Mauvillain espoused the cause of antimony and of circu- 
lation of the blood and was, therefore, ostracized from the association 
of physicians. 

As strict partisans of the principles of the Parisian faculty, Jean 
Riolan (1577-1657) and Guy Pat in (1601-1672) stand preeminent. 
Patin, “polemical medical writer and clever humorist of that day,” 
said of Riolan that he W’ould rather give up a friend than an assertion. 
They were strict adherents of the latro-chemical school, founded by 
Sylvius, “which like other systems might rather be called a systemic 
phantasy.” This system is based upon the elements of chemistry — 
the improved successor of alchemy and the first step towards true chem- 
istry ; upon the new knowledge of the circulation of the blood ; and upon 
the closer acquaintance with the chyle and lymph vessels (which had 
been acquired in this period), as well as upon the old doctrine of the 
*^spmtus and color innaius** of the heart. His system, although its 
author always professes to accept only “experience by means of the 
senses, is constructed far less upon experience than upon false conclu- 
sions drawn from experimental observation, whose connection with 
his theory is on the whole arbitrary and forced.” (Baas.) 

Opposed to their beliefs were the theories ot* the latro-mathematical 
School whose motto was “In your practice funeern not yourselves with 
theories.” The originator of this system was Santorio Santoro (1561- 
1636), professor in Padua and Venice. Their idea was to treat all 
diseases with precision, and that all functions of the body were rather 
physical than chemical. “Thus digestion was referred to as a process 
of mechanical trituration, and the absorption of chyme was explained 
as due to the pressure arising from the action of the intestinal move- 
ments upon the comminuted food. In a similar way the secretions were 
referred to as the resistance created by the corners, angles, curves, etc., 
of the vascular system, and so on.” 

Guy Patin was a learned man, n brilliant writer, and thoroughly 
acquainted with the Latin language, which he wrote to perfection. “His 
creed contained two articles — bleeding and purging with senna.” Cer- 
tainly he was not a quack, but with the intolerance of his time, he was 
antagonistic to all who were against the existing order of things. It 



SIXTEENTH AND SEVENTEENTH CENTURIES 


45 


.iiijjrlit have been of him that Moliere has said — *Hhat a dead man is only 
a (lead man, and is of no consequence, but a neglected formality does 
;.reat harm to the entire profession.*’ Guy Patin strongly believed “in 
I laving his patient die according to rule rather than survive in violation 
(f it.” 

Til “Le Medecin Volant” we find Moliere ’s first attack on medicine. 
Sganarelle, the famous rogue, undertakes to impersonate a dignified 
pliysician, in order to aid his master in his love affair. He assumes 
till* doctor’s gown and talks with the pedantic air characteristic of the 
physician : 

“Hippocrates says, and Galen, by undoubted arguments, demon- 
strates that a person is not in good health when he is ill. You are 
wise to place all your hope in me; for I am the greatest, the noblest, 
the most learned physician in vegetable, sensitive and mineral faculty.” 

Upon being told that his patient is dying, Sganarelle exclaims : 

“Ah! let her be careful not to do so; she must not amuse herself 
by allowing herself to die without a prescription from the doctor.” 

Doctors stood very much on ceremony in those days. In one of the 
farces of Moliere, a doctor rebukes a patient who was too abrupt in his 
address : 

“You must be very ill bred, very loutish and very badly taught, to 
speak to me in that fashion, without first taking off your hat, without 
o]>.serving rationem loci, temporis et personnae. What! You begin by 
an abrupt speech, instead of saying, Salve, vel salvus sis, doctor doc- 
torurn cruditissime. What do you take me for, eh?” 

In “Le Marriage Force,” Moliere throws a shaft at the University 
of Paris, which was endeavoring to persuade Parliament to confirm a 
sentence dated September 4, 1624, which condemned to death all those 
who would dare to attack the Aristotelian doctrine. 

Sganarelle meets two philosophers discussing and quarreling. He 
af'costs one and is met with gibberish that he does not understand. 
“Devil take the scholars,” he exclaims, “they will never listen to any- 
body. I see it was the truth I was told that this Master Aristotle was 
a talker and nothing else.” 

The doctor has a very good opinion of himself: 

“Get along, you are more impertinent than the fellow ■who main- 
tained that we ought to say the form of a hat instead of the figure, 
and I will prove it to you at this time, by the help of demonstrative and 
convincing reasons, and by arguments in Barbara, that you are and 
never will be anything but a simpleton and that I am and ever shall 
'c, in utroque jure, the Doctor Pancrace ... a man of suflSciency, a man 
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of capacity, a man finished in all the sciences, natural, moral and polit- 
ical. A savant, savantissime, per omnes modos et casus. A man who 
has a knowledge superlative of fables, mythologies and histories ; gram- 
mar, poetry, rhetoric, dialectics and sophistry ; mathematics, arithmetic, 
optics, ornicritics, physics and metaphysics; cosmornetry, geometry, 
architecture, speculary and specula tory sciences, medicine, astronomy, 
astrology, physiognomy, meteposcopy, chromancy, geomancy.’' 

In that hugely comical farce, Monsieur de Pourceaugnac,^’ the hero 
is falsely accused of being insane, and the physicians are convinced of 
the truth of the accusation, because the patient does not take to it 
kindly that they doubt his mental equilibrium. After the senior physi- 
cian has given a very lengthy and very laughingly learned discussion 
of the case, the junior doctor, in rapt admiration, replies: 

“Heaven forbid. Sir, that it should enter my thoughts to add any- 
thing to what you have just been saying. You have discoursed too well 
on all the signs, symptoms and causes of this gentleman’s disease. The 
arguments you have used are so learned and so delicate that it is impos- 
sible that he is not insane and hypochondriacal! y intdancholic; or were 
he not so, that he ought to become so, because of the beauty of the 
things you have spoken and of the justness of your reasoning. Yes, Sir, 
you have graphically depicted, graphice depinxisti, everything that 
appertains to this disease. Nothing can be more learnedly, judiciously 
and ingeniously conceived, thought, imagined than that you have deliv- 
ered on the subject of this disease either as regards the diagnostic, the 
prognostic, or the therapeutic, and nothing remains for me to do but 
to congratulate this gentleman upon falling into your hands. All 
I should like to add is to let all his bleedings and purgings be of an 
odd number, numcro duos in pare gaudet, to take the whey before the 
bath, and to make him a forehead plaster, in the composition of which 
there should be salt — salt is the symbol of wisdom.’’ 

In the “Imaginary Invalid,” the father of a young doctor praises 
his son in the following words : 

“In all disputations has he rendered himself formidable, and no 
debate passes hut he argues loudly and to the last extreme on the 
opposite side. He is firm in dispute, strong as a Turk in his principles, 
never changes his opinion, and pursues an argument to the last recesses 
of logic. . . . But, above all, what pleases me most is his blind attach- 
ment to the principles of the ancients, and that he would never listen 
to the pretended discoveries of our century concerning circulation of 
the blood and other opinions of the same stamp.” 

Once, M. Argan, the imaginary invalid, refuses to take a prescription 
of his physician. The latter does not seem to be at all pleased about it : 

“What daring boldness; what a strange revolt of a patient against 
his doctor I ... A clyster which I have had the pleasure of composing 
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jiivself, invented and made up according to all the rules of the art. . . . 
A case of high treason against the faculty 

It is in this state that medicine remained during the eighteenth 
t‘(‘ntury. 


BIBLIOGRAPHY 

1. Robinson, Victor. Pathfinders of medicine, 1912, p. 91. 
l'. Hemmeter, J. C. Michael Servetus. Bull. Johius H()i)kins Hosp., 1915, 
xxvi, 318. 

Aubrey, John. Brief lives. Edited by John Clark, Vol. I, p. 300. 
j. Ornstein, Martha. The role of scientific societies in tlie sevc'iitcenth cen- 
tury, 1913, p. 55. 

Richardson, B. W. Antony van Leeuwenhoek, F.R.S., and the origin of 
histology, the .d^lsclepiad, 1885, Vol. II, p. 319. 

Kahn, Max. Molierc and the physician. Bull. Johns Hopkins Hosp., 
1911, xxii, 344. 




CHAPTER IV 


HISTORY OF EIGHTEENTH CENTURY MEDICINE 
By C. W. G. Rohrek, M.A., Ph.D., M.D. 

Anatomy and physiology, p. 50 — ^Embryology and comparative an- 
atomy, p. 56 — Chemistry, general and physiological, p. 57-~ Pathol- 
ogy and bacteriology, p. 58 — Materia medica and therapeutics, p. 

62 — The practice of medicine, p. 66 — Surgery, general and opera- 
tive, p. 72 — Gynecology and olxstetrics, p. 73 — Hygiene and pre- 
ventive medicine, p. 74 — The diseases of the eye and ear, p. 77. 

There is scarcely a period in the history of medicine fraught with 
greater interest than that embraced by a full import of the above title. 
It is true, the archives of the eighteenth century are not intercalated 
by many such epoch-making contributions to medical science and art 
as the discovery of the circulation of the blood, of anesthesia, of anti- 
sepsis, and other similar and important innovations afforded ; nor could 
it be said that it can justly boast of having been the “greatest of cen- 
turies,” an appellation not inaptly applied by Dr. James J. Walsh* to 
the thirteenth century. But, withal — 

"Our little systems have their day; 

They have their day and cease to be; 

and the discovery of vaccination by Jennei, towards the close of the 
eighte(uith century, above all other achievements and advancements, 
renders its place secure for all time in the annals of medicine. 

Eighteenth century medicine, in point of time extending from 1700 
to 1799, both years included, was dominated by theories and systems, 
liy cults and creeds. Nevertheless, this era was productive of numer- 
(uis beneficial and lasting reforms in the healing art. Quackery and 
superstition were gradually being eliminated from medical practice; 
the royal touch was fast losing its therapeutic efficacy; and witchcraft 
and astrology were slowly but surely giving way to more humane and 
more rational explanations as to the theory and causation of disease. 
The increasing popularity of male obstetricians, the far-reaching in- 
tluence of practical anatomy and pathology as promulgated by the two 
Hunters, by Baillie, and by Morgagni, .and the founding of numerous 
hospitals, and medical and scientific bodies throughout England, on the 
(Continent, and in America, all conspired to make the eighteenth century 
one well worthy of serious consideration by medical historians. In brief, 

* ‘‘The Thirteenth, the Greatest of Centuries,” by James J. Walsh, M.D., Ph.D., 
bL.D., New York, 1907. 
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the impress which it has made upon the art of healing, and the ines- 
timable boon eoiiferred upon humanity by the inventions and discoveries 
appertain ijig thei'eto, assign to this century a position of no common 
merit upon the scroll of fame. 

There are several ways in which this subject might be judiciously 
and satisfactorily 1 rented. In a concise monograph, however, designed 
especiially for the already overworked medical student, his needs and 
his requirements should be primarily borne in mind. As his work is 
apportioned to him by subjects conforming to a standard curriculum, an 
adherence to such a plan in the present essay will doubtless be beneficial 
and at the same time facilitate a ready reference to whatever topic 
he may have in hand. Therefore, I shall discuss the salient points of 
each of the principal branches of medical study * under the following 
ten subheadings, endeavoring, as far as is possible, to arrange my data 
in chronological order: 

I. Anatomy and Physiology. 

IT. Embryology and Comparative Anatomy. 

IIT. Chemistry, General and Physiological. 

IV. Pathology and Bacteriology. 

V. Materia Medica and Therapeutics. 

VI. The Practice of Medicine. 

VII. Surgery, General and Operative. 

VIII. Gynecology and Obstetrics. 

IX. Hygiene and Preventive Medicine. 

X. The Diseases of the Eye and Ear. 

Some of the branches of medicine enumerated above, at the time 
of which I write, yvvro only in the formative stage, scarcely meriting 
a separate consideration. Then, too, a number of important medical dis- 
coveries bind the closing years of the seventeenth century with the 
opening years of the eighteenth ; and, in a corresponding manner, the 
eighteenth and the nineteenth centuries are inseparably blended, no 
distinct hiatus existing between them. The leading medical characters 
of the day also belong to no circumscribed age or period, their influence 
permeating for good the ^Csculapian art of all time. 


I. ANATOMY AND PHYSIOLOGY 

Identified with the progress of improvement in anatomy, in, the 
eighteenth century, we find such familiar names as the two Hunters, the 
three Monros, Douglas, Cheselden, Scarpa, Winslow, and a host of other 
workers and investigators. Among .^the earliest and most successful 
cultivators of anatomy during this century was James Douglas (1675- 

* The designation, ** medical study,*’ is here used advisedly, because the great 
work of which this essay forms but an integral part being essentially medical in 
character, it behooves us not to go very far afield into the history of surgery, other 
than in its direct bearing upon the subject matter treated in the text. 




Fia. 1. — Hunter (1718-1783) 

A famous British physician, obstetrician and founder of the Great Windmill 
Street school of anatomy 
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1742), the predecessor of the distinguished William Hunter as a teacher 
of anatomy in London. In 1707 Douglas published his specimen of 
“Comparative Anatomy, containing the most correct account of the 
muscles wfrich had yet appeared, and giving a comparative description 
of all the muscles in a man and in a dog. In 1715 appeared his speci- 
men of “Anatomical Bibliography,”^ in which he gave an account of the 
several works upon anatomy, with biographical sketches of the writers. 
Douglas, however, is best known to the medical student by his publica- 
tion on the subject of the peritoneum, a portion of which constitutes 
tin? posterior (recto-uterine) ligament of the uterus, forming a pouch 
called Douglas’s cul-de-sac, or space. 

William Cheseldcn (1688-1752), who early distinguished himself by 
his proficiency in anatomy, which he had studied under Cowper, be- 
came in 1711, at the age of only twenty-two, a public lecturer on an- 
atomy and surgery. In 1718, he published his “Anatomy,” ^ accompanied 
by some select cases in surgery, and a syllabus of his lectures. This 
work ac(iuired great popularity, rapidly passing through six editions. 
To the fourth, and all the succeeding editions, he subjoined, in an ap- 
pendix, a short account of the operation of lithotomy. In 1718 he 
became surgeon to St. Thomas’s Hospital; and in 1733 his “Atlas of 
Osteology” was published. 

Contemporary with Cheselden was Laurence Ileister (1683-1758), a 
celebrated German physician, surgeon, anatomist and botanist, whose 
“Compendium of Anatomy,”^ his most distinguished work, was first 
published in 1717. It became a very popular book, and went through 
a great number of editions. It is valuable, both for its conciseness and 
clearne.ss, as a physiological as well as anatomical textbook. His “In- 
stitutions of Surgery,”® published in the German, in 1718, was soon 
translated into Latin, and most of the modern languages of Europe. 

The great center of anatomic teaching, at the beginning of the 
eighteenth century, was Paris. The situation, however, was soon changed, 
the city of Edinburgh coming into prominence, later ranking as one of 
tho leading medical centers of the world. This transformation was 
chiefly effected, in the first instance, by the splendid talents and un- 
rivaled exertions of Alexander Monro, the first (1697-1767) . His father, 
John Monro, a surgeon in King William’s army, settled in Edinburgh, 
in 1700. Perceiving his son’s early indications of genius and strong 
inclination for medicine, he carefully superintended his early educa- 
tion and afterwards sent him to London to study anatomy under Chesel- 
den. Monro was a diligent student, devoting himself with the utmost 
assiduitj^ to dissection, and the preparation of anatomical specimens, 
which he sent home. Prom London he proceeded to Paris, and thence, 
in the autumn of 1718, to Leyden, where Boerhaave was at that period 
the mighty magnet of attraction. Returning to Edinburgh in 1719, he 
was duly examined and qualified by the Surgeon’s Guild; and, in 1720, 
on recommendation of the Town Council, he was elected professor of 
anatomy in the newly-established university, at the age of twenty-two 
years. In point of service, his career as a teacher and investigator is 
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ithout precedent in medical annals. In verification of this statement, 
1 wish to quote the following splendid tribute to his worth, and record 
nf his achievements, from Garrison’s “History of Medicine”:® 

''Being a teacher of marked ability, his courses were soon followed 
hy enthusiastic students in large numbers, the roster climbing from 
:»7, in 1720, to 182, in 1749, tliis steady arithmetic progression being 
interrupted only by the Rebellion of ’45. Alexander Monro followed 
liis father’s plan for his own son, and the latter extended the same 
])oliey to the grandson, both of whom were also named Alexander, so that 
the three Monros, prinmSy secmulys, and tertiuSf as they were called, 
held the chair of anatomy at Edinburgh in uninterrupted succession, 
like some entailed estate, for a period of one hundred and twenty -six 
y(‘ars (1720-1846). The men of the Monro dynasty were, all of them, 
original characters of unusual attainments, authors of many valuable 
works, morbid on the subject of controversy, it is true, but in every 
way worthy of the confidence placed in them by their fellow-townsmen. 
During the period 1720-90, some 12,800 students were taught by Monro 
Itrimus and sfcund'tis alone, and it was largely due to them that Edin- 
hiirgh became the great center of medical teaching that it was in the 
‘last century.’ ” 

Another remarkable family of anatomists, Prussians by birth, were 
tli(' Meckels, father, son and two grandsons. Johann Friedrich Meckel, 
the elder (1724-74), of Wetzlar, graduated at Gottingen with his note- 
worthy dissertation on the fifth nerve (the sphenopalatine or Meckel’s 
ganglion) in 1748, and became professor of anatomy, botany, and ob- 
sl dries at Berlin in 1751. lie was the first to describe (also in 1748) 
the submaxillary ganglion. His son, Philipp Friedrich Theodor Meckel 
(1756-1803), of Berlin, graduated at Strassburg in 1777, with an im- 
t)ortarit dissertation on the internal ear. lie became professor of an- 
atomy and surgery at Halle in 1779. His son, Johann Friedrich Meckel 
(1781-1833), of Halle, called the younger Meckel, published his work 
on normal human anatomy in 1815, and is memorable as the discoverer 
of the Meckel diverticulum of the small intestines. 

Antonio Scarpa (1747-1832), a brilliant Venetian, discovered the 
membranous labyrinth of the ear, the nasopfilatine nerve, and the tri- 
angular space in the upper third of the thigh, called Scarpa’s triangle. 
Ilis name is also identified with a pair of canals in the palate process 
of the superior maxillary bone, termed the foramina of Scarpa. 

William Hunter (1718-1783), of Scotch parentage, originally a theo- 
logical student, and a pupil of Cullen, went to London in 1741, began 
In lecture on anatomy and surgery in 1746, and soon acquired a great 
reputation as a surgeon, obstetrician, and anatomist. In 1768, he built 
die famous anatomic theater and museum in Great Windmill Street, 
laboring here to the end of his days. At this school the best anatomists 
?uid surgeons of the period, including his brother John, were trained. 
His greatest work, “On the Anatomy of the Human Gravid Uterus,” 
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published in 1774, was the outcome of thirty years of strenuous toil; 
and his two lectures on the history of anatomy, delivered in 1784, art; 
models of their kind. 

WilliafH ^ruikshank (1745-1800), of Edinburgh, a celebrated an- 
atomist, for many years filled the post of librarian to William Hunter 
and afterwards became his assistant lecturer, published, in 1786, his 
Anatomy of the Absorbents,’"’ in which he described the structure 
and situation of the valvular lymphatic absorbents. This paper, the 
most correct and valuable which we have upon the subject, embodies 
the results of his labors with William Hunter. 

Towards the end of the century, Samuel Thomas von Soemmerring 
(1755-1830), a native of Western Prussia, now best remembered by his 
classification of the cranial nerves, wrote a monumental treatise on 
anatomy. Two of the four volumes comprising John Bell’s excellent 
system of ** Anatomy”® also belong to the eighteenth century, of which 
the first was published in 1793, and the second in 1797. 

Of the physiologists of the eighteenth century, some four or five 
names overshadow all others. These arc: Haller, Hales, Reaumur, 
Spallanzani and Hewson. Albrecht von Haller (1708-1777), a disciple 
of Boe;rhaave, is sometimes called the ‘‘Father of Modern Physiology.” 
He was a laborious student and painstaking investigator, surpassing 
even Boerhaave himself in the extent and diversity of his information. 
He was more profoundly acquainted with the literature and biography 
of medicine than any other man living before or since. Having grad- 
uated at Leyden, he accepted the professorships of Medicine, Anatomy, 
Botany and Surgery in the University of Gottingen, then just founded 
by George IT, as elector of Hanover. Here he remained for seventeen 
years, incidentally doing his best experimental work. His pen was 
never idle and during this time he composed no fewer than eighty-six 
books and hvelve thousand reviews of books, besides poetry and historic 
novels. In 1743 he commenced the publication of a series of “Anatomical 
Plates,” amounting in all to thirty-six. The first edition of his excellent 
“Manual of Physiology”” appeared in 1747, and was eagerly sought 
after, passing rapidly through many editions and translations. Twelve 
years later in 1759, he published the first volume of his great work on 
physiology/” consisting of eight quarto volumes, the whole of which was 
not given to the world till 1766, eleven years before the death of the 
author. 

Ranking next to Haller’s, in eighteenth century physiology, is the 
name of Stephen Hales (1677-1761), an English clergyman remembered 
as the originator of artificial ventilation, and for his pioneer work (his 
most important) on the mechanical relations of blood-pressure. 

Rene-A.-F. de Reaumur (1683-1757), in a series of experiments upon 
a pet kite, performed in 1752, succeeded in isolating the gastric juice and 
demonstrating its solvent effect upon foods,’’ thereby materially ad- 
vancing the physiology of digestion. Abbate Lazaro Spallanzani (1729- 
1799), an astute Italian observer, confirmed and extended Reaumur’s 
results. Spallanzani discovered the digestive power of saliva, and reaf- 
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Fi(». 2 . — Albrecht aon Halier (1708-1T1’7) 

A di^^tinguishcd Swiss physiologist, anatomist, botanist and poet 
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firmed the solvent power of the gastric juice, failing, however, to recog- 
nize its acid character. 

William Hewson (1739-1774), an English physiologist of note and 
a pupil the Hunters, achieved distinction through his work on 
the lymphatic^ and on the coagulation of the blood. Hewson ’s discovery 
of the lacteal and lymphatic vessels in birds, reptiles, and fishes at- 
tracted much attention at the time; and the publication of his memoir 
on this siibject won for him the Copley medal in 1769, and in 1770 he 
was further honored by being elected a Fellow of the Royal Society. 


II, EiMBRYOLOaY AND COMPARATIVE ANATOMY 

In the eighteenth century much work was done in comparative 
anatomy, but embryology as a distinct branch of medical science had re- 
ceived but scant attention. Caspar Friedrich Wolff (1733-1794), of 
Berlin, the founder of modern embryology, was one of the most original 
spirits of his time. This science dates from the publication, in 1759, of 
Wolff’s great work, the * ‘ Theoria Generationis. ’ ’ Though his ideas were 
discredited for sixty years through the influence of Haller, they began 
to gain ground in 1812, when the younger Meckel translated his great 
monograph on the development of the intestines in the chick (1768-69). 
His teachings w^ere then followed up by such investigators as Oken, 
Meckel, Tiedemann, and Panda; and after them, by von Baer, now re- 
garded as the greatest among modern embryologists. Wolff’s memoir on 
the development of the intestines in the chick, one of the acknowledged 
classics of embryology, is described by von Baer as ‘‘the greatest 
masterpiece of scientific observation that we possess.” His name was 
immortalized by his discovery of the Wolffian bodies. 

Among the comparative anatomists of the eighteenth century we 
find the names of James Douglas, John Hunter, Felix Vicq d’Azyr, 
Johann Friedrich Blumenbach, John Barclay, Peter Camper, and a host 
of others. The works of James Douglas have alieady been mentioned. 
John Hunter, especially distinguished as a surgeon and physiologist, 
formed a museum which contained 13,682 specimens, a large number of 
which were comparative anatomy specimens.* Vicq d’Azyr (1748-1749), 
permanent secretary of the Paris Academy of Medicine, was the great- 
est comparative anatomist of the French school of the eighteenth cen- 
tury. Blumenbach (1752-1840), and Camper (1722-1789), w^ere the 
founders of anthropology and craniology. The latter, in 1760, intro- 
duced the “facial angle” as a criterion of race. John Barclay (1758- 
1826), of Edinburgh, formed a collection containing a total of 2,512 
preparations of which 1,457 were comparative anatomy specimens. 

* In 1861 the scientific works of John 'Hunter were published, in two octavo 
volumes, under the caption ** Essays and Observations on Natural History, Anatomy, 
Physiology, Psychology, and Geology.** These were edited by Professor Richard 
Ow'en, Vol. I contains observations on natural history, physiology, palseontology, 
phytology, and a treatise on animals. Vol. II contains the observations on com- 
parative anatomy. 



CHEMISTRY, GENERAL AND PHYSIOLOGICAL 57 

Several years before his death, Barclay presented his collection to the 
Koval College of Surgeons of Edinburgh, where they now constitute the 
Barcleian Museum. 


Ill CHEMISTRY, GENERAL AND PHYSIOLOGICAL 

Chemistry, a most important branch of natural science, especially 
as auxiliary to the practice of medicine, received many notable ad- 
vancements in the eighteenth century. Chief among these should be 
mentioned the influence exerted upon the theory of respiration by the 
discovery of the four principal gaseous constituents of the atmosphere, 
viz., carbon dioxid by Black (1757), hydrogen by Cavendish (1766), 
nitrogen by Rutherford (1772), oxygen by Priestley and Scheele (1771), 
and Lavoisier (1775). The experiments made upon the physiology of 
digestion, with especial reference to the solvent property of the gastric 
juice and the digestive power of the saliva, while not strictly of an 
analytical nature, had their bearing upon the progress of chemistry. 

Johann Joachim Becker (1635-1682), and Georg Ernst Stahl (1660- 
1734), were the flrst to develop the} theory of chemical action and the 
constitution of compounds, thus dissipating the belief previously ad- 
vanced by Robert Boyle (1627-1691) that there existed a “first mat- 
ter,” parts of which differed from one another only in certain qualities 
or accidents. They (Becker and Stahl) enumerated as the four primal 
elements: water, air, earth, and phlogiston, or the essence of fire; and, 
curiously enough, their deductions seemed to account very fairly for 
the various changes in bodies. 

Sir Isaac Newton (1642-1727), an English mathematician and dis- 
coverer of the law of universal gravitation, likewise contributed his 
researches in regard to the nature of gases and the method of generat- 
ing them. He taught that dense bodies were rarefied into the several 
kinds of air by the process of fermentation. He also further observed 
that the atmosphere contained particles of different nature, by which it 
was fitted to be the “breath of life” to vegetables and animals. 

Modem chemistry, however, may be said to have had its beginning 
with the work of Stephen Hales (1677-1761), an English clergyman 
possessed of an inventive turn of mind, who, early in the eighteenth 
century, began his important study of the elasticity of air. Hales, 
it should be stated, was the originator of artificial ventilation (1743) ; 
he having previously, in 1733, enriched physiology by performing im- 
portant experiments on the mechanical relations of blood-pressure. The 
real significance of his work, however, lies in the fact that it gave, 
impetus to the investigation of the properties of gases by such chemists 
Hs Black, Priestley, Cavendish, and Lavoisier. 

Hales’ careful studies were continued by a younger confrere, eXoseph 
Black (1728-1799), who.se experiments in the weights of gases and other 
chemicals constituted the first steps in quantitative chemistry. Black 
was of Scotch descent, having been a friend and pupil of Dr. William 
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Cullen, at the University of Glasgow, under whose instruction he ac- 
quired a superior skill in chemical manipulation. In 1757, within three 
years after completing his medical course^ he made the discovery of 
the properties of carbonic acid, which he called by the name of “fixed 
air.^^ He also evolved the theory of “latent heat,’’ which opened the 
way for James Watt’s improvements in the steam engine. 

Joseph Priestley (1733-1804) was the next contributor to chemical 
knowledge. He was a celebrated English clergyman and natural phi- 
losopher, having been born in Yorkshire, near Leeds. He was noted for 
his general experiments with gases, and in particular for his discovery 
of oxygen, or as lie named it, “dephlogisticated air.” 

Henry Cavendish (1731-1810), a pupil of Dr. James Black, discov- 
ered the composition of many substances, notably of nitric acid and 
of water. 

Antoine Laurent Lavoisier (1743-1794), the eminent French chemist, 
can justly be called the “founder of modern chemistry.” Lavoisier 
discovered the true nature of the interchange of gases in the lungs, and 
overthrew the phlogiston theory by his introduction of quantitative 
relations in chemistry. He proved that inspired air is converted into 
Black’s carbonic acid or “fixed air,” the nitrogen or “azote” alone 
remaining unchanged. 


IV. PATHOLOGY AND BACTEEIOLOGY 

A good physician must, of necessity, be a good pathologist ; and the 
same remark is applicable to the surgeon. Pathology — that branch of 
medicine whose object is the knowledge of disease — was cultivated with 
assiduity in the eighteenth century. Already in 1679 the “Sepulchre- 
turn” of Theophilus Bonet (1620-1689),^^ containing all the postmor- 
tems of the sixteenth and seventeenth centuries, was issued. It is an 
enormous compilation, and constitutes a new ere., in the history of patho- 
logical anatomy. Prior to the publication t)f the “Sepulchretum,” a 
great number of physicians had devoted thtmiselves attentively to necros- 
copy, and by their labors a considerable quantity of materials was col- 
lected. These materials, novel and in a great measure unique by rea- 
son of their striking originality, were capable of shedding a bright light 
on the seat and nature of a certain number of diseases; but, unfortu- 
nately, they were lost in a multitude of volumes. In order to become 
beneficial to science it was necessary to collect, examine, and classify 
them according to their analogies, to deduce from them the consequences 
relative to the diagnosis of diseases and the practice of medicine. This 
was an immense task, which did not, however, check the patient zeal 
of Bonet, his “Sepulchretum” bein^the outcome of his exertions. 

In 1745, John Astruc (1684-1766), a native of Sauves, a town of 
Lower Languedoc, France, published his “Tractatus Pathologicus,” a 
work which, although favorably received and eminently popular at the 
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Fic *3 — Giovanni Battista Moriacm (1682-1771) 

An Italian anatomist, the founder of pathological anatomy 
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time of its appearance, has now become obsolete. In 1759, his two- 
volume work on tumors and ulcers was issued. 

In 1765, Albrecht von Haller, the famous physiologist, two years after 
his returnee ^{lis native town of Berne, in Switzerland, and amid the 
multitude of his public duties, found time to publish a valuable work 
on morbid anatomy.^® 

Pathological anatomy, however, as a distinct branch of medical study, 
originated with Giovanni Battista Morgagni (1682-1771), a very able 
and eminent anatomist, born at Forli, a small town in Italy. He first 
studied in his native place, but afterwards went to Bologna. He early 
displayed extraordinary talent, and in 1698, at the age of sixteen, began 
as a student of philosophy and medicine at Bologna, graduating with 
both faculties as Doctor three years later. He next became prosector 
to Valsalva, who had been a pupil of Malpighi, and succeeded him soon 
afterward as demonstrator of anatomy at the university. He subse- 
quently became a professor at Padua (1715-1771), where he was ap- 
pointed to the chair of theoretic medicine, which position he held with 
the highest honor till his death nearly sixty years later. It was not 
until his seventy-ninth year, after he had published several works, that 
he allowed his famous work on pathological anatomy to appear. This 
is the historical classic, ^‘De Sedibus et Causis Morborum per Anatomen 
Indagatis^’ — *^The Seats and Causes of Disease Revealed by Dissection. ” 
It consists of five books of letters, seventy in number, which were pub- 
lished by a systematic treatise, in two folio volumes, in Venice, in 1761. 
The work embraced the record of six hundred and forty dissections,* 
and gives a description of the morbid conditions of the body through 
its entire extent.^^ Here, for the first time, the real object and aim 
of modern pathological anatomy is made manifest — namely, the bring- 
ing of postmortem findings into correlation with clinical records. Mor- 
gagni was a very versatile man, well informed in all branches of science 
and literature, and possessing a remarkable memory. His eulogist de- 
scribes him as displaying the highest personal qualities of the physician : 

ohservando attentus, in prmdicendo canimy in curando felix ** — 
careful in observing, cautious in predicting, fortunate in curing. With 
regard to his original observations in pathology, and to indicate, in a 
degree, the vast scope of his work, I cannot do better than quote the 
subjoined excellent summary as given by Garrison ; 

Morgagni gave the first description of cerebral gummata and dis- 
ease of the mitral valve; early accounts of syphilitic aneurysm, acute 
yellow atrophy of the liver and tuberculosis of the kidney, and the 
first recorded ease of heart-block (Stokes- Adams disease) ; identified 
the clinical features of pneumonia with solidification of the lungs, em- 

^ It is interesting to compare the 640 dissections made by Morgagni, with the 
30,000 autopsies performed a century later by Carl Rokitansky, M.D. (1804-1878), 
curator of the Imperial Pathological Museum and professor at the University of 
Vienna. This immense fund of materials formed the basis of Rokitansky grand 
work, entitled '^Handbueh der pathologischen Anatomie,** published in Vienna in 
three large volumes, during the years 1841-1846. 
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jihasized the extreme importance of visceral syphilis, and was the first 
ro show that intracranial suppuration is really a sequel of discharge 
from the ear, a phenomenon which even Valsalva had conceived the 
other way round. Morgagni also described what is known as ‘Mor- 
u^agtiian cataract, ’ and he proved, in many autopsies, the Valsalva dictum 
that the cerebral lesion in apoplexy is on the opposite side from the 
resulting paralysis.'*® The *De Sedibus’ abolished humoral concepts 
in pathology for a long period of time.” 

Morgagni’s legitimate successor was Matthew Baillie (1761-1823), a 
son of John Hunter’s sister. Baillie, like Smellie, Cullen, and the two 
TInnters, was a native of Lanarkshire, Scotland. In 1793, in London, 
Baillie published his “Morbid Anatomy,” the first treatise of its kind 
in the English language.^^ 

Among other physicians of the eighteenth century, who occupied 
themselves with anatomicopathological researches, thereby adding new 
observations to those already known, particular mention should be made 
of G. D. Santorini, whose collection of “ Observation es Anatomic®” 
was published in Venice in 1724; of Edward Sandifort,®® whose “Tabul® 
Tntestini Duodeni” was issued at Leyden in 1780; of Joseph Lieutaud 
(1703-1780), who wrote many valuable memoirs on botany, anatomy, 
the spleen, urinary bladder, heart and pericardium, and a Latin work 
upon the seats and causes of diseases which he had observed by the 
inspection of dead bodies; and, above all, to Marie-Fran^ois-Xavier 
Bichat (1771-1802), termed the “Napoleon of Medicine,” who gave ut- 
terance to the aphorism : * * Take away some fevers and nervous troubles, 
and all else falls to the kingdom of pathological anatomy.” Although 
Bichat’s work was largely done in the closing years of the eighteenth 
century, he published but little ere the dawn of the nineteenth ; hence, 
ho more properly belongs to that period. Bichat once remarked, and 
his words are as full of meaning to-day as when first spoken : 

“You may observe disease of the heart, lungs, abdominal viscera, 
otc., night and morning by the sick-bed for twenty years, yet the whole 
furnishes merely a jumble of phenomena which unite in nothing com- 
[)lcte ; but if you open a few bodies, you will see the obscurity speedily 
give way — a result never accomplished by observation if we do not 
know the seat qf the disease.” 

Reckoning with the eighteenth century alone, bacteriology was vir- 
tually non-existent as a distinct branch of medical science. Not until 
the nineteenth century when, under the magic influence of such expert 
investigators as Koch, Pasteur, Da vain e, Klebs, Welch, Gaffky, Lbffier, 
Bfeitfer, Kitasato and their numerous pupils, tlie germ theory of disease 
became paramount, did bacteriology assume the role of a definite branch 
' f medical study. Prior to this time, however, there were a few beacon 
birhts along the route — straws showing, as it were, which way the wind 
^vas blowing. For example, as early as the middle of the seventeenth 
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century Athanasius Kircher (1602-1680) and Robert Hooke (1636-1703) 
employed the microscope in their efforts to determine the causes of dis- 
ease; anc^Nehemiah Grew (1641-1712) had completed his studies in 
vegetable histology and physiology, publishing the results of his ob- 
servations in 1671 and 3672. Later in the century Antony van Leeu- 
wenhoek (1632-1723) was the first to see protozoa under the micro- 
scope (1675), and this same observer found microorganisms in the teetJi 
in 3683. 

The doctrine of a “contagium animatum’^ as the cause of infectious 
disease was a subject of much speculation, engrossing the attention of 
the early microscopists. Such a theory, however, first assumed definite 
shape and form in the writings of Girolamo Pracastoro (148^1553), 
who, in 1546, published his treatise entitled ^‘De Contagione,” in which 
he states, with remarkable clearness, the modem theory of infection by 
microorganisms.^* But Pracastoro nowhere refers to the latter as living 
organisms, thereby making the decision of priority in regard to the germ 
theory of disease a mooted question between himself and Athanasius 
Kircher. 

In the works of Carl von Linne (1707-1778), or Linnaeus, the great 
Swedish botanist who himself was a physician, the idea is expressed 
with more or less directness that the propagation of infectious diseases 
depends upon the implantation of minute independent organisms into 
or upon the affected individual. Linnaeus also was awake to the possi- 
bility of malarial fever being water-borne. But it remained for the 
Italian clinician, Giovanni Maria Lancisi (1655-1720), in his great 
treatise*® on swamp fevers, published in 1717, although professedly 
stating the doctrine of miasma, to first suggest the possibility of trans- 
mission by mosquitoes. 


V. MATERIA MEDIOA AND THERAPEUTICS 

The status of materia medica and therapeutics in the eighteenth cen- 
tury, compared with that of the centuries preceding it, showed a de- 
cided advancement. The tendency toward the employment of simple 
remedies, in lieu of the ‘^shotgun prescriptions" and loathsome mix- 
tures formerly in vogue, was one of the distinctly favorable signs of 
the times. For generations blood-letting and cathartics .Fere almost the 
only known remedies, in certain sections of the globe. Therapeutic fads 
likewise were losing their hold upon a gullible public, being super- 
seded by vegetable and mineral preparations of known remedial virtue. 
Even the learned Dr. Johnson himself refers to one Joshua Ward, a 
famous quack ranking with the Chevalier Taylor, who made his fortune 
by the sale of antimonial pills and dtops, and other nostrums. Famous 
female impostors of the period were Mrs. Mapp, a bonesetter, and 
Joanna Stevens, a widow, who, in 1739, actually succeeded in having 
her alleged remedy for stone in the bladder purchased by Act of Parlia- 
ment. The recipe, published in the London Gazette of June 19, 1739, 




Fig 4— William Cullen (1712-1790) 

^ l^ighly-esteemed Scottish physician, chemist and clinical teacher of the 
eighteenth century 
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proved to be a most gruesome but probably harmless mixture of egj^- 
shells, garden-snails, swines^ cresses, soap, and such vegetable ingredi- 
ents as burdock seeds, hips, and haws. 

Amo*kg |he popular remedies of the time were quassia-cups, saffron 
drops, purging sugar-plums, and anodyne necklaces for pregnant women 
and teething children. * ‘ Tuscora rice, ’ ’ for consumption, the first Ameri- 
can patent medicine, was introduced in 1711. The metallic or mag- 
netic tractors of Elisha Perkins of Connecticut, patented in 1798, had 
a remarkable vogue at the time, effecting “cures” by stroking, their 
principle of action being analogous to that of galvanism or animal 
magnetism. 

William Cullen, of the Glasgow and Edinburgh schools, laid great 
stress upon the agency of the vis medicatrix natures, a line of action 
adhered to by the leading physicians of the present day, with decided 
advantage. Bishop George Berkeley (1685-1753), an English clergy- 
man and philosopher, author of “Verses on the Prospect of Planting 
Arts and Learning in America,” in which poem occurs the following 
beautiful and well-known stanza : 

Westward the course* of empire takes its way; 

The first four acts already past, 

A fifth shall close the drama with the day; 

Timers noblest offspring is the last ; 

discoursed long and eloquently on the virtues of tar-water (1720-1748), 
exalting it to a position which was essentially that of a panacea for all 
human ills. But all the while the tendency was gradually toward that 
of a system of rational therapeutics, one in which drugs of known 
efficacy were to be employed, whose pharmacological action and toxi- 
cological effects, if they possessed any of the latter, had been proven 
by animal experimentation. 

In 1736, John Tennent, of Virginia, published a first account of 
senega, or the Seneca snake-root, commending it most highly in the 
treatment of pleurisy, pneumonia, and the bite of the rattlesnake. 
William Heberden (1710-1801), of London, did a most important serv- 
ice to therapeutics when, in 1745, he published his celebrated “Essay 
on Mithridatium and Theriaca. ^ ’ J ohn Huxham ( 1692-1768 ) , of Devon, 
one cf Boerhaavc^s pupils who had studied Hippocrates in the original, 
devised the familiar tincture of cinchona bark with which his name is 
associated; John Pother^ill (1712-1780), a Quaker pupil of Alexander 
Monro primus^ established his magnificent botanic garden, introducing 
kino and catechu into the London Pharmacopoeia ; and Anton Stoerck 
(1731-1803), of Swabia, the great champion of emetics, did a vast amount 
of very credible work in pharmacology and toxicology, the scope of 
his investigations including such familiar vegetable drugs as conium 
or hemlock (1760-1761), stramonium, hyoscyamus, and aconite (1762), 
colchicum (1763), and pulsatilla (1771). 

The name of William Withering (1741-1799), of Shropshire, Eng- 


* Often quoted * * star of empire. * * 
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i;,nd, one of the ablest clinicians of his time, is ever memorable as 
ihe pioneer in the correct use of digitalis in affections of the heart. 
Withering, in 1776, having learned from an old grandame in Shrop- 
shii-e that fox-glove or digitalis was beneficial in dropsy, immediately 

about tiying it in heart diseases. He recommended its use wher- 
( ver lie could, and by 1783 he had the satisfaction of seeing it introduced 
into the Edinburgh Pharmacopoeia. His “Account of the Pox-glove,” 
a pharmacological classic, was published in 1785. 

Dover’s powder, the Ptilvis Ipecacvanhw compositus, was introduced 
into medicine by the famous buccaneer physician. Captain Thomas 
Dover (1660-1742), who was probably a house pupil of the great Syden- 
ham, and, in 1709, rescued Alexander Selkirk (the original Robinson 
(h’usoe) from the island of Juan Fernandes. Dover’s formula for his 
“diaphoretic powder” is given in his “Ancient Physician’s Legacy to 
his Country,” published in London in 1732, the sixth edition appear- 
ing ten years later.* In 1748, John Astruc^* published his “Tractatus 
Tlierapeuticus”; John Leigh, of Virginia, gained the Harveian prize 
in 1785, by his essay, “An Experimental Inquiry into the Properties 
of Opium,” published in Edinburgh in 1786; and Johann David Sclioepf 
(1752-1800), the old Anspach-Bayreuth surgeon, traveler and naturalist, 
who came out to America with the Hessian troops in 1777, remaining 
over after the war, published in 1787, at Erlangen, his scholarly “Ma- 
teria Medica Americana,” a pioneer work on the subject.®® 

The first pharmacopcria to be printed in America was prepared by 
Dr. William Brown, of Virginia, who succeeded Benjamin Rush as 
Physician-General of the Middle Department. It consists of a pamphlet 
of 32 pages, designed for use in the Continental Army, and was issued 
anonymously from the military hospital at Lititz, Pennsylvania, in 
1778. During the eighteenth century three new editions of the London 
'‘Pharmacopoeia” were issued — ^the fourth, fifth and sixth, each charac- 
terized by changes showing the status of therapeutics and the gradual 
advance of pharmacology.®^ The fourth “Pharmacopoeia,” edited by Sir 
Hans Sloane (1660-1753), a famous British physician and naturalist 
and virtually the founder of the British Museum, London, was issued 
in 1721, excludes many of the old syrups and waters, and introduces 
stramonium, gamboge, Secale cornutum or ergot, hepar, ipecac, tartar 
emetic, lunar caustic, lime-water, Ethiops mineral, spirit of sal volatile, 
iron sulphate, tincture of perchlorid of iron, and other inorganic prepara- 
tions. The fifth London “Pharmacopoeia,” revised by Mead, Heberden, 
Preind,. and others, and issued in 1746, contains many new tinctures, 
including those of valerian and cardamoms. Glauber’s salts, sweet spirits 

niter, syrup of squills, liquor potass®, and potassium acetate were 
JUlded. In the sixth “Pharmacopoeia,” appearing in 1788, practically 
idl the animal materia medica has disappeared, while a large number 

*The reader is respectfully referred to Professor (now Sir) William Osier’s 
Jirticle, entitled “Thomas Dover, Physician, and Buccaneer,’’ appearing in the Bull, 
•fojnis Boplcins JRosp., Iviii, January, 1896, and renrinted in his excellent and in- 
•‘^pinng volume, “An Alabama Student, and Other Biographical Essays,’’ pp. 19-36. 

VoL. I. — 5 . 
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of new drugs and compounds are added. These include such familiar 
and useful preparations as aconite, arnica, castor oil, colomba, cas- 
carilla, kino^ quassia, magnesia, senega, ether, oxid of zinc, Dover’s 
powder, C^offman’s anodyne, Huxham’s tincture, James’ powder, spir- 
itus MinderSri, sarsaparilla decoctions, compound tincture of benzoin, 
extract of chamomile, tincture of opium, and “tinctura opii camphorata” 
(paregoric). 

Allusion should be made to a famous toxicological case occurring 
late in the eighteenth century, in which the celebrated John Hunter 
was sworn in as an expert witness. It is that of the trial of Captain 
John Donellan,®* for the alleged willful murder, by poison (laurel- 
water), of his brother-in-law, Sir Theodosius Boughton, The trial was 
held at the Warwick assizes, in March, 1781, an'd Hunter was much per- 
plexed upon finding himself unable to answer the simple, important 
questions put to him by Mr. Justice Buller, who presided. Impressed 
by this and other shortcomings of medical evidence in criminal trials, 
Andrew Duncan, Sr., through his repeated efforts, succeeded in having 
the Crown institute a chair of forensic medicine in the University of 
Edinburgh, the first in Great Britain, in 1806. 


VI. THE PRACTICE OF MEDICINE 

The practice of medicine, including general diseases, the major and 
minor exanthemata, and the special infections, presented a well-tilled 
field in the eighteenth century. At its very dawn, in 1702, Richard 
Mead (1673-1754),- one of the five famous London physicians — ^Rad- 
cliffe, Mead, Askew, Pitcairn and Baillie — ^who successively carried the 
Gold-headed Cane,”* published his earliest treatise, *‘A Mechanical 
Account of Poisons,” which remains one of the classics in medical 
literature.*® Mead’s Discourse Concerning Pestilential Contagion,”** 
and his essay ‘‘On Plague,”*® could be consulted with profit by the 
medical student of to-day. Mead was the first to advocate quarantine 
to prevent the spread of plague, scarlet fever and kindred diseases. 

In 1707,* Georg Ernst Stahl (1660-1734), of Ansbach, Bavaria, pub- 
lished his Wheoria Medica Vera” — the “True Theory of Medicine.”®* 
Stahl and his followers were largely in favor of placeboSy strenuously 
opposing the use of active drugs. Friedrich Hoffmann (1660-1742), a 
friend and fellow-student, of Stahl, was a professor at Halle for nearly 
fifty years. He left an original description of chlorosis (1730), and 
was one of the first to describe rubella (1740). His work upon “Sys- 
tematic Rational Medicine,” written in Latin, was translated and passed 
through several editions.*^ 

The leading physician of the a^e was Herman Boerhaave (1668- 

***The Gold-headed Cane,’* edited by William Macmichael and first published in 
London in 1827. A second edition appeared in the following year. In 1884 a 
new edition, with interesting notes, was published by William Munk. ^ In ^ 1915 
a new edition was published in New York, with an Introduction by Sir William 
Osier and a Preface oy Francis E. Packard. 




Fig 6 — ^Herman BotHHAA\r (1008-1738) 

famous Dutch physician, profcbsor of botany, medicine and chemistry at 
Leyden 1701-1729 
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1738), the founder of the ‘‘Eclectic School.” Boerhaave, sometimes 
called the “Modern Galen,” is especially remarkable through his pupils, 
the list including Haller, Gaub, Cullen, Pringle, van Swieten and dc 
Haen. His^“Elemcnta Chemia^” published at Leyden in 1732, was 
easily the best book on the subject tliroughout the eighteenth century.®* 
As a clinician, he was the first to describe rupture of the esophagus, 
and the aura-like pain which x)rccedes hydrophobia. He is also credited 
with being the first to establish the site of pleurisy exclusively in the 
pl(Mira, and to prove that sinall-pox is spread only by contagion. In 
iiis clinics he was accustomed to using the Fahrenheit thermometer, a 
])rae1ice poryietuated by his pupils, van Swieten and de Haen. 

One of the salient fiuitures of clinical medicine in the eighteenth 
century was the introduction of now methods of precision in diagnosis. 
A notable advance was made w'hon Leopold Auenbrugger (1722-1809), 
a Styrian by birth, brought out his discovery of immediate percussion 
of tile clu'st. His little book, the “Tnventum Novum,” published in 
the year 1761, though consisting of but twenty-two pages and unsalable 
in Auenbrugger’s time, is to-day held worth far more than its weight 
in gold.*® 

ATiother attempt to employ instruments of precision in diagnosis was 
recorded when, in 1707, Sir John Floyer (1649-1734), of Staffordshire, 
published his “Physician’s Pulse Watch,” which was the first effort 
for a hundred years to revive the studies of Galileo, Kepler, and Sane- 
torius in the matter of accurately timing the pulse.'*® Floyer tried to 
get the pulse-rate by timing its beats with a watch which ran for exactly 
one minute. 

In the classic work of George Martine (1702-1741), of Scotland, pub- 
lished in 1740 and entitled “Essays and Observations,” Vire find a revival 
of the subject of clini(!al thermometry.'** The clinical thermometer, 
another eighteenth century contribution to instrumental precision in 
medicine, had already been conceived and partly developed by Sanc- 
torius Boerhaave, de Haen, and Haller. Martine ’s ideas were carried 
into yiractice by James Currie (1756-1805), another Scotsman, in Ills 
“Medical Reports;” published in 1798.*- Currie, who also has an en- 
during claim on our gratitude as the editor and biographer of Robert 
Burns, is remembered for having used cold baths in typhoid fever 
long before Brand of Stettin, checking up his results with the clinical 
thermometer. 

William Cullen (1712-1790), one of the brightest names in Scotch 
medicine of the eighteenth century, was a native of Hamilton, in Lanark- 
shire, and began his career as a pupil of Monro primus in Glasgow. 
In 1740 Cullen took the degree of Doctor of Medicine from the Uni- 
versity of Glasgow. Six years later he taught chemistry in Glasgow, 
and in ten years more came to Edinburgh as Professor of Medicine. He 
was the first medical lecturer to use the vernacular, instead of Latin 
(1757) ; and he was one of the first to give clinical or infirmary lectures 
in Great Britain. Ilis “Synopsis Nosologiie Methodicae,” published in 
1769, Avas later opposed by Benjamin Rush, his most famous American 




Fig. (J. — Ben.iamix Rush (1745-lsFJ) 

Tlie ^oatest American physician of the eighteenth century 


69 




70 


lIlSTOIiY OF EKUITEENTIl (^ENTUKY MEDICINE 


pupil. Jlis ''First Lines of tlio Praetiee of Physic’^ (1776-1784) w; > 
For years an autlioritative textbook in Great Britain and America. 

William Ileberden was a typical practitioner of the period, wlios 
lifetiiiK^ (#)V(‘red ni^arly llie wliole century. lie was a (^anibridpfe gradi. 
ate of superior attainincjits; and Ids "Coininentaries,” written in Lati i 
and published in LS02, contain liis orij^inal descriptioiis of varicell;i 
(1767),*'“ of ajifj^ina. ])ectoris — which was lon^ known as "Ileberden ^ 
asthma" (17(iS')/" and of the nodules in the finjjfers ("Ileberden 
nodes") whit'h occur in arthritis defonuans 

In 1775 John Iluxhain published his "Essay on Fevers," in whicli 
he uave (*arcful and ori«‘ina] observations of many infectious dis(‘ases. 
different iatirifx, in })arti('ular, hetw(‘en the "]uitrid nudi'j.mant" and the 
"slow nervous" f(*vers--1hat is, l)etw(‘en tyj)hus and typhoid. As earl\ 
as 1747 he recommended a vcfyetable died in scurvy; and in his essay 
on mali'rnant sore throat (1757), he was the first to observe the paralysi> 
of tlH‘ soft palate wliieh attends diphtheria. 

John Brown (17)15-1788), of Scotland, sometimes styled tlie last sys- 
t(‘matiz(T of medicine, was a tutor in the family of William Cullen, 
and on sonn* occasions assisted him in lecturing. Turning against his 
<|uiet teae'her, he afterward undertook an independent course of lo<‘- 
1 lire's, promul<’’atin<>' doctriiu's of his own in opposition to those of his 
fonmn' patron, Ilis tlu'ory, known as the "Brunonian system,"'*"^ in 
whi(di disease's were* classed as sthenic or asthenic, according' as tin* 
vital ('ondition or "e'xe'iteim'ut " is increased or diminished, attracte'd 
many followers, actually holding the attentieni of Europe for a (piarter- 
ce'iitury, 

Gerhard van Swieten 11700-1772) did much to advane*e Austrian 
me'elieinc, anel ere*ateel the* world-famed Vienna clinic afte*r the Leyden 
l»att(*rn. In Ame*rie'a, Benjamin Kush (1745~181J), of Philadelphia, 
was the most e'onspie'uous medie*al charae*ter of the eighteenth century, 
lie* was one of William Shippe*n s earliest students in anatomy, studied 
wielely abroad, was a member of the Coiitine*ntal Congress, anel one of 
the signers of the Declaration of Inelepe'neiemff. On April 11, 1777, he 
was a})])e)inte*d surgeon-ge'iieral of the Mield!*' Department of the Conti- 
nental Army. One invaluable result of lus military exj)e*rienc(* remains 
in his pamphlet entith'd "Direction for I^re'serving the Health of Sol- 
eliers." 11(* ele*scribe*d cheJera infantum in 177J; dengue, in 1780; and 
he was perhaps tlie first to note the disease which we now term thermal 
fever, describing it with great aeeuraey in "An Account of the Dis- 
eas(* Occasion(*d by Drinking Cold Water in Warm Weather." Ilis 
print('d woi’ks were ])uhlished in seven volumes, running through a num- 
ber of editions. He also edited editions of some of the most famous 
English works, including tliose of Sydenham. Kush Medical College, 
Chicago, is nam(*d for liini; and in 1004 a monument was erected to his 
memory, in Washington, D. C. 
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Fuj. 7. — John llirNTKR (1T2S-179J) 

A noted British surgeon, anatomist, and ])h.vsiolofi:ist 
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VII. SURGERY, GENERAL AND OPERATIVE 

Tlio liislory of siirgory will be touched upon but briefly, and only in 
its bearinji^ upon practical medicine. One of the earliest surj^ical works 
of importance, published in the eigrhloenth century, was the “Chirurjrie” 
of UaureiK'o Heister (1 682-1 TbH), issued at Nuremberp:in 1718.'^’ August 
GotHieb Richter (1742-1812) Avrote a treatise on hernia (1 777-1779 
which is still an acknoAvled"ed classic. In 1722, William Cheselden pub- 
lished his “Treatise on a Hi"h Operation for Stone.” Charles White 
(1728-1812), of Manchester, first excised the head of the humerus in 
1768, jravc the first account of “white swellinpf” in 1784, and intro- 
duced the method of redueinj]: dislocations of the should('r by means 
of the lieel in the axilla. Percival Pott (1714—1788), one of the best- 
known London surgeons, became especially eminent through his studies 
uj)on hernia, spinal disease, aiid diseases of the bones and joints. His 
complete chirurgical Avorks appeared in London in 1771. He is eponym- 
ically remembered by the fracture of the fibula, AAnth displacement of 
the tibia, Avhiidi bears his name (“Pott's fracture”) ; and by A^rtebral 
disease or “caries” of the spine (“Pott's disease, ’’ “Pott s boss.” or 
“Pott’s (Mirvature”). 

The eighteenth century produced John Hunter (1728-1792), one of 
the world’s greatest surgeons. He Avas a younger brother of William 
IIimt(‘r, enjoying even a greater reputation than the latter. He was 
a pupil not only of his brother, but also of (’heselden and Pott. Begin- 
ning the ])ractice of surgery in 1762, he became surgeon to St. George’s 
Hospital in 1768, and Surgeon-General of the English forces in 1789. 
Il(* is regai’ded as the foun<ler of scientific surgery, being so memorialized 
on his tomb in Westminster Abbey. Ilis studies of tendons laid the 
foundation for the operation for the cure of club feet. He discovered 
th(‘ “collat(‘ral cirodatioTi of the blood"— one of the most important 
discoveries in surgery. This letl to his invent .m of the “Hunterian” 
o})eration for aneurysm, which lias made tin name of Hunter immortal 
in the annals of surgery. To the medi' al student his name is espe- 
cially familiar, in connection Avith “Hunter’s canal,’’ the aponeurotic 
spai'c in the middle third of the thigh; and by his ditferentiation be- 
tween hard (Hunterian) chancre ajul the chancroidal ulcer. His four 
masterpieces are the “Natural History of the Human Teeth” (1771) ; 
the tn'atise “On Venereal Disease" (1786);"'^ the “Observations on 
Certain Parts of the Animal ^Economy” (1786);'^’^ and the “Treatise 
on the Blood, Inflammation and Gun-shot Wounds” (1794),'"'-’ the latter 
being a posthumous production upon AAdiich ho had been long engaged. 

John Abernethy (1764-1821), a devoted pupil of John Hunter, Avas 
regarded as his immediate successor in London. Abernethy Avas the 
first to ligate the external iliac artery for aneurysm (1796) ; and he 
also ligated the common carotid for hemorrhage, in 1798. He published 
scATral volumes of “Physiological Lectures and Discourses,” and was 
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- iriiiin orator hi 1819. He bolicveil that loeal diseases are either of 
..fiiiitional origin, or due to digestive disturhanees. 

\\'it]i regard to the achievements of American surgeons in the eight- 
:ii century, brief nientioii should be made of tlie courses of lectures 
Analorny and Surgery, delivered in 1763 and 1764, to a small class 
IMiiladelphia, by William Shippen, Jr., a pupil of the Hunters, In 
s] an amputation of the shoulder-joint was performed by John War- 
i of Boston; and Wright Host, appointed professor of surgery in 
,M(‘di(‘al Coll(‘ge of New York in 1792, perfornn'd the operation for 
ia>ral aneurysm by the Hunterian method in 1796."’^ 


VIII. GYNECOLOGY AND OBSTETRICS 

Tli<‘ history of gynecology and obstetrics in the. eighteenth century, 
hrit'f though it is, will be jointly considered. It was not until late in the 
- i<;lit(M‘nth century that an impetus was given to obstetric medicine. 
I’tilil tliat time the conduct of this department was chiefly allotted to 
\\((ijj('n, the few male practitioners entering therahn beijig usually men 
of a low(‘r grade of professional atLpnments. To William Hunter we 
?i'*r indeht('d for the new order of things. It was Hunter who estah- 
li^lMal the dignity of obstetrics, elevating it to the position of a s('ience, 
iind opening the way to its rapid progress. 

During the eighteenth century gynecology, as an independent spe- 
' ialty, had no real existence. A few' papers, however, were published 
eji tlie subject, and a small number of operations perforimal. Among 
iIh'sc sliould b(‘ mentioned Robert Houstoun’s tnuitment of an ovarian 
liMpsy by tapping the cyst, in 1701 ; William Hunter's j)roposal of 
' Xcision for ovarian cyst in 1757, and his description of retroversion 
^'f lljc nteiais in 1770; three cases of laparotomy for extra-uterim* preg- 
nancy by John Bard, of New Jersey, in 1759, and by William Bayn- 
fniM, of \drginia, in 1791 and 1799; Sigault’s symphysiotomy, in 1777; 
and MaltlicAv Baillie's description of dermoid cysts of Iln‘ ovary, in 

I < >9, John Astruc published a six-volume treatise on diseases of woimui, 
M- 1701-1765. 

William Rmellie (1097-1763) learned his obst('trics in Paris, settling 
>! Dondon in 1739. To him William Hunter canie as resident ])nf)il 

II 1741. Obstetrics owes much to the genius of Smellie. He intro- 
hiced the si eel-lock forceps in 1744, and the eurv(*d and (louble-<*ur\'ed 
‘ ineps (1751-1753). His “Midwifery,” issued in 1752, was the first 

\thook promulgating correct rules for the use of the forceps, and also 
Dug expli(*it directions for differentiating contracted pelves from 
'i nia! ones, by actual measurement,"'” 

William Hunter, Smellie’s pupil, discovered the “decidua reflexa” 
If) the separate maternal and fetal circulation, thus laying the founda- 
n of modern knowledge of placental anatomy. His brother John also 
I'ticipated in this discovery. Unlike Smellie, William Hunter was 
■'po.sed to the use of forceps. In 1778 he wrote a paper entitled, 
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on Dividinj' Iho Symphysis of tin? Ossa Pubis’*; and li < 
years later (178)1) liis ])ap(‘r on infanticide a])p(‘ared, entitled, “On 1 
Uneerlainty of tin* Si^iis of Murder in the case of Bastard Children 

Tlu'^m(‘ehanis]ii of labor was first considered by Hendrik Van Ir 
veiiler (1651 1724), a native* of Holland, in liis “Novum, Huinen. 
])rin1ed in 1701 by Sir Fielding Ould (1710-1789), of Dublin, in Ins 
“Tr(‘a1is(‘ on Midwifery,’’ published in 1742;'*“ and later by Smelii. 
Andre Ja*vret, JVter Camper, and others. The obstetric treatise i.f 
(Miarles White*, the Man<'li(*ster seirireon, re*"areleel as a pioneer work in 
asrplie midwi jery, was publishe*d in Uondem in 17)12, Jean Palfyji (164!) 
17){0), in 1720, reinvente*d or reintroduced the* obste'trie forceps; U;i 
Motte, in 1721, exte*neled the use of podalie versiem to h(*ael pres(*nln 
1ie)]is; a]id Je*an Conis Band(*locejne, Sr. (1746-1810), invented a p(‘lviii) 
ete*r in 1781. 

The* first pid)lie t(*aelier of obstetrics in America was William Ship- 
pen, Jr. (17.26-1808), who h*(*tnre*d on the snl).je*et in Philaelelphia in 
1762, thereby »yi‘eatly advaneiii" the cause of male* midwifery. 


IX. HYGIENE AND PREVENTIVE MEDICINE 

The* e‘arlie'st works on hygiene relate to j^ymnastic exercises, to the 
location of cities and towns and the maintenance of eleaidir)(*ss therein, 
to the eonstru(*tion of a(|U(*ducts, fountains, aiiel s(*wers, to the se(jU(*s 
Ira1ie)n e)f h'pe‘rs, and the* e*s1al)lisln!ient of fre*e* baths for the poor. 
Wh(*n syphilis took the place of leprosy, a part of the ordinance's rela- 
tive to leprosy were aj)plied to syidiilities. The prevalence of plafrin* 
in the* East caiis(*d lazare*ttos to be* established, and wise and strict 
reo-idations W(*i’e proinul‘>'at(*d, to pr(*serve the ])e*op1e from the ravaejes 
of lids disease. John Howard, in the eighteenth century, offered tn 
the we)rl(l the fii’st (‘xaniple of a man wlio traveled solely for the love 
of humanity. Ibispitals, jirisons, and lazare*ttos attra(*te*d his alien 
tion ; he* devote*d his fortune and his exist* » ce to the ame*lioration of 
the eonditie)!! of the unfortunates who «.ere shut up in th(*m. The 
h(‘alth of soldi(*rs and se*am(*n at1rac1<*d the atte'iition of many observ- 
ers, »i:ivin" rise te) nume're)us ne)te*worthy publications. 

The pubrn'ation, in 1700, of a work by Beniardino Ramizzini (166)1- 
1714), entitled “De Moihis Artiheium Diatriba,” opened up an en 
lirely new de])artnie*nt of mod(*rn medicine — name*ly, the diseases and 
hygiene* of oce'upat ions,*^^ “12ie Divine Order” e)f Johann Peter Siiss 
milch (1707-1777), the old Prussian army chaplain, published in 1742, 
is an epoch-makinjr work in the development of vital and medical 
statistics, brin^iu" tofrether many data of capital importance in publie 
hyjriene, life insurance, and national polity. The jjreat four-volunu 
work of Johann Peter Frank (1745-1821), his “Complete System of 
Medical Polity,” published at Mannheim in 1777-1788, constitutes tin 
very foundation of modern public hygiene.'*^ 

Sir flohn Pringle (1707-1782), a Scotch pupil of Boerhaave and 




Fiti. W. — Edwakd Jknnkk ( JT4i>-18L*o) 

An Enprllsh physician, celebrated as the discoverer of vaccination 
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Albinus, was the founder of modern military medicine and tlie original m* 
of the Red Cross idea. In his “Observations on the Diseases of I.k* 
Army” (ijondoii, 1752) he lays down the true principles of militaiy 
sanitatK«, especially in regard to the ventilation of hospital wards ’ 
James Lind (1716-171)4), a native of Scotland, Ihe “father of nauticiil 
in(‘dieiuo,” was the founder of naval hygiene in England. His fauK^ 
rests upon three ei)oeh-making treatises, those on scurvy (1754),“"' tht> 
liygiene of sailors (1757),““ and tropical medicine (1768).“^ In tins 
connection nuuition should be made of van KSwietcn’s monograph en 
“Camp Diseases,” published in 1758, at Vienna.“‘' Sir Gilbert Blaiu' 
(1749-1824), in his “Observations on the Diseases of Seamen” (1785)/'' 
recommended the use of lime-juice to prevent scurvy. 

But of all the comiuests which public hygiene has made in these 
latter times, th(‘re is one which merits a special mention — that of pre- 
ventive inoculation. For centuri<*s srnall-pox had prevailed, i)eriodi(‘ally. 
in both worlds; it took from the population of Europe an aiinual tribute 
which is estimated to have amounted to not less than four hundred 
thousand souls, and mutilated and disfigured nearly as many more. 
lnde(‘d, its prevalence was so general that it became a common saying: 
“From small-i)ox and love, but few' remain free.” 

Edwuird Jenner (1740-1822), a physician of Berkeley, a city of the 
county of Gloucest(T, having hoard it said that the disease knowm in 
the w(‘stern provinces of England under the name of cow’-pox was coin- 
municated to thos(* who kept or milked cows habitually, and that this 
affection, w’hi(4i was vitv slight, protected completely those wdio had 
})asscd through it, from the variolous affection, meditated on this strange* 
fa('t, verified it, and coiu'cived the happy idea of inoculating children, 
directly, with the virus taken from the mlder of the cow\ At the end 
of f.lir(‘c, four, or five days he saw' ])ustulcs devclo])ed. at all the points 
of the skin w’hich he had })ricked, similar to those of cow'-pox; tlum the 
pustules broke, the pus dri(*d and formed a small crust, wdiieh in falling 
h‘ft a cicatrix. Besich's, there* was little or no fever, the children con 
tinning to eat and j)lay as usual Avithout redh/ing any bad symptoms. 
Not one of the.se children w’as ever attacked by small-pox. 

Jenner, after having repeated his experiments for a number of years, 
and being assur(*d of the innocuous character of the virus, and its prophy 
la('tic virtue, convinced tinally of the reality and grandeur of his discov- 
ery, decided to make it public, and ('onsigned all the details of the subject- 
to a volume printed at London, in the year 1798. It is a thin (piarto, 
with four colored ])latcs. dedicated to Parry of Bath. This book w^as 
followed, during the ycjirs 1799-1806, by five successive pamphlets, re- 
cording his subsecpient experiments and improvements in technic up to 
the stage of recommending ivory points Jis the best vectors in inoculation 
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X. THE DISEASES OF THE EYE AND EAR 

In tlio (‘iglitecnth century ophtlialiiiology — the seienec wliicli treats 

liic eye in liealtli anil disease — already had assumed a conspicuous 
,trr ainonjT llie sj)eeialties in medicine. A nuinher of ex(*ellenl eon- 
.Innions Avere made to the literature of the subjeid, many brilliant 
mJ liiimane operations Avere performed, and the auxiliary topic — that 
; (Optics- was an attraeti\'e field souj^lit by many inv<*sti<j:ators. Un- 
.i tiiiiatcly, at tliis period, medical charlatans of both st*xes also plied 
lii- ir ti‘ade as oculists, in a few instani'cs, wdth a success which seemed 
,.;!lio^l incr(‘dil)le. 

As ('arly as the year 1700 Ramazzini, in his book on the “Diseases of 
Artisans,” (nillial attention to the eye-t roubles of {lilders, printm's, and 
,riici- (iccuf)ati()ns.“^ Jn 170d, Oeor”; Ernst Stahl’s original description 
i.f lacrimal fistula a[)peared. Herman Boerhaave, in 17()S, was th(‘ first 
to civc a special course of lectures on oi>hlhalmolo<>:y. An o[)hthalmie 
roiiTriliution of note was SyU'cster O’llalloran 's tia*atise on jilaucoma 

hi 17r)2 the surgery of the eye rcceivml an important uplift, at tlie 
l-ands of dacijucs David (l()J)f»-17()2 ), the originator of th(‘ modern 
ttealment of cataract by excision of the lens. Ildierdcn, in 1707, dc- 
s.'i'ilx'd night-blindness or nyctalopia; and dohn Dalton, in 1794, con- 
triluitf-d his account of color-blindness. Jos(‘ph Bec^r’s innovation of 
iridectomy was iiromulgated in 1798; and Thomas Young (1778-1829), 
hie “father of physiologic optics,’^ in 1801. gave the first description of 
astigmatism, Avith nu'asurernents and optical constants.''^ 

Mieliael Ibirth, in 1778, under royal patronagi*, establislu'd the VicJina 
''cliool of ophthalmology. 

Otology also made marked progress in the eighteenth century. The 
striK'tui'e and jdiysiology of the ear AA’cre carefully studiiMl, imjiortant 
investigations on theso points bi'ing made by Valsalva (1717),'’^’ by 
'^'‘ai'pa f 1772-1789) and by Cotugno (1774)."‘‘‘ Th(‘ morphological 
'•^'■ays of Oeoffroy (1778),“^" and of Comparetti (1789 a?*(* contribu- 
iioMs (»f the highest order. John ITuntm-’s paper, entitled “Account of 
• tie Org-{ni of Hearing in Fishes” (1782), is one of the most rmnarkable 
"1 the early contributions upon this subject. Ouyot, in 1724. made* 
ffie fii'st attempt at cathetiwization of the Eustachian tube, an otological 
' ■at subseijuently performed by Archibald Cleland in 1741. A strolling 
nacU. Eli by name, is credited with the first perforation of tin* tympanii* 
le 'inlu ane for deafness (1760), Jonathan AVathen, Iiat years previously 
I'o.)), luiAung treated catarrhal deafness by means of injections into 
i e Eustachian tube through a catheter inserted in the nose. 

It is still more important to note that the mastoid process aa^s 
h'med for the first time in the history of surgery by Jean-Louis Petit 
’*>(4-1750), of Paris, the leading French surgeo7i of the eighteenth 
ntury. Petit performed the operation in 1786, and it is described in 
" pf^sthumous surgical treatise.^" Subserpicntly to Petit, the mastoid 
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operation was successfully performed by the Prussian army surgeon 
Jasser in 1776, by J. 11. G. Fielitz, and A. Y. Lbffler, and by the Danisn 
surgeon Alexander Kblpin in 1796. 

The Abbe Charles-Michel de P^Jpee (1712-1789) founded the tirsi 
school for deaf-mutes in Paris, in 1755, maintaining it at his own e.\ 
pensc. In America the earliest advocate of education of the deaf was 
Francis Green (1742-1809), of Boston, Mas.sachusetts. Green published 
his treatise, “Vox Oculis Subjecta,” in London, in 1783.“^ 
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CHAPTER V 


HISTORY OF MODERN MEDICINE* 

{During the Nineteenth and Twentieth Ccnfvries) 

By Max Kaitn, M.A., Pii.D., M.D. 

Tiio world was in the midst of upheaval at the bopfinniii" of 1h(‘ 
iiiiK'tecntli eentury. The rat-a-tat of the military drums was heard all 
uv<‘r Europe. The time was out of joint and hordes of men stood up 
ill nriiis to strngf^le for liberty. It had taken centuries of oppression 
To make the yoke so heavy for the drowntrodden, that they overthrew, 
with volcanic violence, thrones and principles, royalty and elerj?y — 
()arasit(\s that had thriven on the sweat and toil of the masses. The 
ooiihajrration be"un by the fall of the Biastille spread to other countries, 
juul with the succeeding eruptions of 1831, 184(S and 1871, western 
Europe became more and more democratized, and an epoch of rational- 
ism was established which resulted in glorious achievements not en- 
(‘ountered in any other century of history. 

The masses may mock God, but they always fear the Devil. It takes 
longer to eradicate superstition than to implant science. Men overthrow 
governments, demolish churches, declare that the Age of Reason pre- 
vails, hut in the limited mind of the great majority” there yet linger 
that fol-de-rol of the clergy and the fi-fo-fum of the (piack, which are 
supposed to have such magical properties and which yield such golden 
ictiirns to the coffers of that great army of charlatans. 

It has always been the principle and practice of the “respectable” 
*‘slal)lished religion or profession to oppress and persecute all men who 
would reason and question their theories, who feared not to speak the 
ii'idh as they knew it, or who discovered newer facts which controverted 
I heir false doctrines. All so-called established opinions are alike in 
lln.s. The old refuse to change. Witness the condemnation of Socrates 
by the Greeks, the martyrdom of Jesus by the Jews, the persecution of 
^mlih'o by the Catholic Church, the burning of Servetus by Calvin, and 
oppression of Pare by the Parisian Faculty. 

To speak of the history of medical practice previous to the nine- 
b enth century is really to speak of the history of quackery, or rather 
'* ^be history of men who in their hearts knew that they were thriving 

'‘ It is not proposed in the limited space allotted to this Chapter to discuss in 
'■^1 “dates and battles'' in the history of Medicine during the last one hundred 
"I twenty years. An attempt will be made to describe currents in medical thought, 
])er.sonai mention will be made of tho.se men only who lit new torches to guide 
>\ay for those that follow, and who stand, rock-fast, against the eroding in* 

’ of time and human forgetfulness. 

VoL. 1.^6. 81 



82 


HISTORY OF MODERN MEDICINE 


on the ignorance of the public. Mature consideration makes one justif 
Moliere’s description of a physician of his time: 

Longue peruque, habit grotesque, 

Affceter un air pedantesquo, 

Cracher du grec et du latiii, 

Tout cela rouiii fait presciue 
Ce qu^on appcdle un medeciri.” 

And when one reads tlie medical th(*rapy advised by tlie physicians of 
tliat period, one assumes that tlie physician may have thought that his 
remedy will prove effectual due to tlie gruesomencss and incongruity of 
the concoction, or, perhaps, to the prayers that were advised to be 
clianted simultaneously. It is, perchance, the prayers that may have 
helped his patients; it is certain that his medicaments did not aid, if 
they did not harm, the sick. 

After tliat great period of mental darkness which pervaded Europe, 
when the Churi'h of Rome reigned supreme, there was inaugurated an- 
other epoch characterized by the historic fact that tyranny changed 
hands, and though the so-called strivings for religious liberty resulted 
in the establishment of new(?r churches, it meant only the foundation 
of new theories of fanaticism; for, while until the sixteenth c'cntury only 
Rome murd(‘red thousands at the auto-da-fes and at St. Bartholomew’s 
nights in the name of religion, the ‘‘liberty” attained after the six- 
teenth century was that in certain countries the Protestants gained 
the ])Owcr to burn and hang heretics, (hitholics and all other non-con- 
forming Protestants. It was not that dustice or Enlightenment had 
triumphed. It was only that the power to do wrong was wTested from 
a certain group of hands and wielded by another. 

The riiundi could not stop all progress. There was Bacon pleading 
for experimentation and urging that “To know truly is to know the 
cause”; thtu’c was the great school of anatomists who began to describe 
the body structure; there was Harvey, who noted the circulation of 
the blood. However, in the eighteenth century tl'.re prevailed the .system 
of theorization and classification which infested the work of every great 
man of that time. Volumes were written to prove or disprove fantas- 
tical 1heori(‘s, not after due experimentation in a laboratory, but aft(T 
poiulerous thought in the library. There was the “phlogiston” school, 
the school of “vitalism,” the iatro-mechanical and the iatro-chcmical 
schools, the Brunonian theory, and others. Scientists of that day secmied 
not to desire to delve in the unknown, but to classify and ratiocinate 
on th(‘ things that were known, or rather were thought known. 

But, towards the end of the eighteenth century, the old order of 
things began to shake and topple over, and scientific reform, like po- 
litical reform, made great progress. - Great times produce great men, 
and we find in the beginning of the eighteenth century thinkers in 
Western Europe, who after speculations and investigations, laid the 
foundations of the newer science of the modern period. 

Of the absurd theories current at the beginning of the nineteenth 
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v.’iiury, the one of the vitalistic production of organic substances was 
most pernicious. It was assumed that no organic chemical sub- 
viaricc could be prepared in the laboratory; that only the living body 
,‘n\i do it, and therefrom the learned professors drew the moral that 
Si, me iiiiknowji “vital” force was present in the living organism which 
(! WHS useless to investigate, and whi(*h alone is able to produce all 
o) compounds from those of simpler to those of higher composition. 

In 1828, Phnedrich Whhler (1800-IS82) demonstrated that such an 
,>>v.tnilially organic compound as Urea could be prepared by heating am- 
ijjniiimu eyanate, a substance easily prepared from its constituent ele- 
m.-nts. This simple experiment revolutionized the conc(‘ptioii of the 
, liniiislry of life processes, and inaugurated an era of organic chemical 
irscjirch which ultimately resulted in the synthesis of such highly 
<‘<implex compounds as the polypeptids and the carbohydrates by Emil 
Kisidu'r. This discovery of AViihler, and his other discovery of the 
suitliesis of hippuric acid by the body after the ingestion of b(‘nzoic 
acid, was the beginning of the study of the chemistry of the lif(‘ pro(‘esses 
iioiiig on in the animal economy. To these body ch(nni('al changes Li(‘big 
;jav(‘ the name of “Metabolism” (SlotTwechsel) , (1842). 

The two greatest names in biological science during th(‘ nineteenth 
century are those of Darwin and of I’asteur. To appreciate triily the 
great advam'cs of Medicdne recpiires but to know the lives of those' two 
eminent men, both of them pure in thought, honest in tlu'ir actions and 
(ndy saints in their relations with their fellowmen. There are no 
greater men than these two. 

The great (piestion of the origin of man was always considered set- 
Ih'd hy the th(*ologian and ever pondered upon by the s(deritist. All 
spe(‘i(‘s were created by the special design of a divinity, said the theo- 
logians, and the individual male and the female of the species were saved 
ill the .Ark, wdien it pleased Ib’ovidence to destroy all the world’s oeeu- 
pants. Thoughtful men doubted this ebnreb doctrine, but could come 
te no other conclusion. Robinson writes, “To Bnlfon Ix'longs tlu' high 
honor of first scientifically discussing the origin of sf)ccies by dcvelop- 
aionf. Rut Buffon lived in the pricst-pcsted age of Louis XV, wlicn the 
bastille cast its shadow on the brain of every lliinkcr. And ButTon 
tiiouglit of the chains tliat cat out the flc'sb, aud the duug('(ms which 
the sun cannot find, and then he ended his arguments thus: ‘But to ns. 
It is ('crtain from revelation that every species was directly created by 
a separate fiat.’ ” 

The Theory of Evolution, advanced by Darwin in 1859 in bis great 
hook “On the Origin of Species by Means of Natural Selection,” was 
pi'o])oiiMded so clearly, and the evidence arrayed so masterfully, that 
bie scientific world wms almost immediately converted. Only priest and 
minister dared raise the cry of Atheist against Darwin, but truth 
' 'Ufiuered these also. And great men such as Spencer and Huxley, 
'id Haeckel and Weissmann arose in England and in CJormany and 
P>‘<‘ad the teachings of Darwin, so that the whole science of Biology 
'wis revolutionized. One of Darwin’s djsciples, Thomas Henry Huxley, 
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declared he was more solicitous for the principle of freedom of thought 
than for the mere advancement of science, and this is the great good 
that Darwin and his followers have accomplished, for with Huxley they 
believed fiiat “there is no alleviation for the sufferings of mankind 
except veracity of thought and action and the resolute facing of the 
world as it is, when the garment of make-believe by which pious hands 
have hidden its uglier features is stripped off/^ 

The influence of Darwin, Wallace and their disciples was mainly oti 
Biology and, therefore, only indirectly on Medicine which is founded 
on the biological sciences. Their philosophic conceptions permeated all 
the then known branches of knowledge, and inspired men to reinvesti- 
gate older conceptions, and to seek new explanations for the causes of 
phenomena in Nature. 

But while Darwin’s influence on Medicine was indirect, the epoch- 
making investigations of Pasteur are of such fundamental importance 
that many of the very conceptions of modern medicine have their birth 
in his experimental discoveries. For his influence was far-reaching. 
He not only investigated the older sciences, but he established new 
schools of learning, and to him is due our basic facts in bacteriology, 
immunology, and serology, and our principles of asepsis and antisepsis 
upon which modern surgery is based, and our knowledge of vaccination 
in certain diseases. 

The life of Pasteur* is full of inspiration to him who would make 
Science his religion. He was born in the small town of Dole, in 1822. 
His father, a veteran of the Napoleonic wars, was a tanner, who, 
though poor, insisted that his son receive a good education. Accord- 
ingly, after preliminary studies, Louis Pasteur arrived in Paris, and 
studied the Natural Sciences, particularizing in Physics and Chemistry. 
We shall follow his discoveries in chronological order: 

His first great contribution was in 1848, when , he was twenty-six 
years old. Of this discovery, Professor Cohen writes: “Pasteur did 
not range far into the field of chemistry, but during the few years that 
he labored at the subject he struck so rich a ^-ein of scientific wealth 
that, after the lapse of half a century, it still remains unexhausted.” 
The investigation in question concerns the Nature of the two isomeric 
compounds, tartaric and racemic (para tartaric) acids. 

Pasteur found that on crystallization of the tartrates, the crystals 
formed, while similar in general appearance, had the facets differently 
situated in the different crystals, so that their resemblance and their 
distinction were analogous to the similarity and difference which exist 
between tlie right .one and the left of a pair of gloves. The forms were 
cnantiomorphous. Pasteur separated the crystals in the presence of 
Biot, the great blench chemist, and demonstrated to him that one form 
of the crystal turned the ray of polarized light to the right, and the 
other form to the left, while the mixture of the two in equal quantities 
produced a solution which was inactive. Biot, who had doubted Pas- 

* A vory aympatliotic life of Pasteur has been written by Ren6 Vallery-Radot in 
Prench, and has been translated into English by Mrs. R. L. Devonshire. 
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ii iir s ability before, embraced him at the successful completion of the 
o. nionstration, and said to him: “My dear boy, I have loved Science 
>0 much (luring my life, that this touches my very heart.” 

11 is next great work was on fermentation and spontaneous genera- 
1 ion. Do living bodies arise from parent living bodies, or are they under 
('<rlain circumstances generated spontaneously? Is it a fact, as one 
man wrote, that given an old boot wdth soiled rags and pieces of cheese 
ii) it, young mice will spontaneously develop there? Since the days 
<»r Aristotle the theory of spontaneous generation tvas generally ac- 
^■('pt(Hl. It was thought that frogs and toads and other animals arose 
from the mud of the brooks and ponds due to the lif(^-giving influence 
of the sun’s rays. In the seventeenth century, Alexander Ross, com- 
immting on Sir Thomas Brown’s doubt as to w^hether mice may be bred 
])y putrefaction, flays his antagonist in the following words ‘‘So may 
we doubt whether in cheese and timber, worms are generated, or if 
hectics and wasps in cow dung, or if butterflies, lo(*usts, shell-fish, snails, 
eels and such life be procreated of putrc'fied matter, which is to receive 
the form of that creature to which it is by formative power disposed. 
To question this is to question reason, sense and experience. If he 
(louhts this let him go to Egypt, and there he will find the fitdds swarm- 
ing with mice begot of the mud of the Nylus, to the great calamity of 
the inhabitants !” 

The work of Redi (1626-1697), an Italian scientist, confirmed by 
the experiments of Sw’ammerdam (1637-1681) and of Vallisnieri 
(1661-1730), with putrefying meat served to prove that all visible life 
came from ova deposited by insects in matter allowed to putrefy. But 
with the study of microscopic life by Leeuwenhoek, the question as- 
sumed a new form. A certain English Jesuit, Needham (1713-1784), 
and his contemporary, Lazarus Spallanzani (1729-1799), then took up 
tli(} question, the former seeming to demonstrate that there is such a 
thing as spontaneous generation and the latter absolutely denying it. 
Their experiments made on vegetable and meat extracts subjected to 
heat in glass vessels seemed to yield different results in the hands of 
Needham and of Spallanzani. 

The question of spontaneous generation was seemingly scuttled by 
the experiments of Franz Schulze and of Theodore Schwann, whose 
work convinced the scientists of those days that there is no basis for 
belief in the spontaneous origin of life. But the whole question was 
reopened by the Frenchman, Pouchet, who made the following experi- 
tuent : He filled a fiask with water and sealed it with groat care. This 
flask he inverted over a mercury bath, and opened the neck of the 
bottle while under the mercury. The water he partially drove out by 
cassing into the fiask oxygen generated from salts. He now introduced 
'' ith a sterile forceps a few granules of hay heated in an oven to a 
oigh temperature. After a few days he found that the hay was swarm- 
with microscopic life. “Where,” exclaimed he, “do(?s this life 
■ ^une from? It cannot come from the water, which had been boiled, 
^stroying all living germs that may have existed in it. It cannot come 
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from the oxygen, which was produced at the temperature of 
candescence. It cannot have been carried in the hay, which had been 
heated for a long period before being introduced into the water.” Ac- 
cording ^ him, therefore, this life was of spontaneous origin. 

It was at this time that Pasteur took up the question, contrary to 
the advice of his friends. He proved that the mercury of Pouehet’s 
experiment contained dust particles which infected the water. What 
he did not know was that hay contains many spores which it is very 
difficult to destroy by ordinary heat, and which vitiated the results 
of Pouehet’s experiments. 

Let us hear his lecture : 

“Here,” he said, “is an infusion of organic matter, as limpid as 
distilled water, and extremely alterable. It has been prepared to-day. 
To-morrow it will contain little animalculae, little infusories, or flakes of 
moldiness. 

“I placed a portion of that infusion into a flask with a long neck, 
like this one. Suppose I boil the liqTjid and leave it to cool. After a 
few days, moldiness or animalculm will develop in the liquid. By boiling 
I destroy any germs contained in the liquid or against the glass; but 
that infusion being again in contact with air, it becomes altered, as 
all infusions do. Now suppose I repeal this experiment, but that 
before boiling the liquid I draw (by means of an enameler’s lamp) the 
neck of the flask into a point, leaving, however, its extremity open. 
This being done, I boil the liquid in the flask, and leave it to cool. Now 
the liquid in this swond flask will remain pure, not only two days, a 
mpnth, a year, but three or four years — for the experiment I am telling 
you about is already four years old, and the liquid remains as limpid 
as distilled w^ater. What difference is there, then, between those two 
vases? They contain the same liquid, they both contain air, both are 
open ! Why does one decay and the other remain pure ? The only 
difference between them is this: in the first cas«, the dust suspended 
in the air and their germs can fall into the neck of the flask and 
arrive into contact with the li<juid, where they find appropriate food 
and develop; thence microscopic beings. In the second flask, on the 
contrary, it is impossible or, at least, extremely difficult, unless air 
is violently shaken, that dusts suspended in air should enter the vase; 
they fall on its curved neck. When air goes in and out of the vase 
through diffusion or variations of temperature the latter never being 
sudden, the air comes in slowly enough to drop the dusts and germs 
that it caiTies at the opening of the neck or in the first curves. 

“This experiment is full of instruction; for this must be noted, that 
everything in air save its dusts can easily enter the vase and come into 
contact with the liquid. Imagine what you choose in the air — electricity, 
magnetism, ozone, unknown forces even, all can reach the infusion. 
Only one thing cannot enter easily, and that is dust, suspended in air. 
And the proof of this is that if I shako the vase violently two or three 
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M*s in a few days it contains animalcula} or moldiness. Why? Be- 
air has come in violently enough to carry dust with it. 

Ainh therefore, gentlemen, I could point to that liquid and say to 
V , li, I have taken my drop of water from the immensity of creation, 
(1 1 have taken full of the elements appropriated to the development 
.,r inferior beings. And I wait, I watch, I question it, begging it to 
r.'enmineiice for me the beautiful spectacle of the first creation. But it 
i-s dumb, dumb since these experiments were begun several years ago; 
il is dumb, because I have kept it from the only thing man cannot pro- 
(iiiee, fn;m the germs which float in the air, from Life, for Life is a 
MrM in and a germ is life. Never will the doctrine of spontaneous genera- 
tion recover from the mortal blow of this simple experiment.” 

These experiments of Pasteur attracted the attention of the young 
Knglisli surgeon, Joseph Lister (1827-1912), and ultimately resulted in 
iliat wonderful application of these discoveries, one of the greatest 
boons 1o suffering mankind. The hospital conditions of those times were 
somctliing fearful. Death stalked in gruesome shape in every ward 
when* surgery was done. A serious surgical operation was in reality 
a death warrant. All surgical wounds M^ere supposed to show “laudable 
pus.” The pus was not “laudable” if the patient died, “laudable” 
if the patient recovered. Surgeons used to attire themselves in leather 
aprons and in old work-a-day suits, as a present time butcher or cobbler 
does, and would not wash their hands before an operation, for they were 
sure to get soiled during the operation. Certain surgeons had a mor- 
tality list of over eighty per cent, of their cases. Conscientious men, 
frecpiently disgusted with such results, gave up the practice of surgery. 

Lister was highly impressed wdth this awful mortality list from 
s<‘])ticemia. pyemia, erysipelas, tetanus and hos])ital gangrene. Although 
hr followed the accepted technic of the time in his amputation cases, 
used silver wire sutures, had free drainage and frequently changed the 
(h’cssing, the death rate among his patients was forty-five per cent. He 
began to doubt whether any pus was “laudable,” and became convinced 
that surgical healing by first intention was the proper way. But how 
obtain this desirable consummation in his cases? He directed his at- 
toinpts at preventing the animalculae and germs that infest the air from 
loaehing his patients’ wounds in a viable state. Heat was impractical, 
hut lie could use chemical disinfectants, and finally he used (August 
12. 180.")) a carbolic acid solution in a case of comi[)ound fracture with 
'‘omplete success. In Lister’s wards, all the instruments and dressings 
V'cre first disinfected in a strong phenol solution, similar precautions 
h<‘ing used for the hands of the surgeon* and his assistants. In the operat- 
og room, a kettle was constantly boiling, vaporwijig carbolic acid into 
ho atmosphere. The wounds were dressed with a sort of gauze soaked 
this solution. This was Lister’s method, in brief. This revolutionized 
'o entire practice of surgery, and deft physicians ventured to operate 
’ the peritoneal viscera, on the blood-vessels, on the brain, with re- 
' u-kable results. 
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Before Pasteur and before Lister, Oliver Wendell Holmes (ISOi)^ 
1894), in Boston, in 1843, and Ignaz Philip Semmelweis (1818-1865), a 
Hungarian, in 1847, observed that puerperal fever was induced in most 
cases bji^he uncleanliness with which the physician attended to his cases. 
Instead of helping and healing, the obstetrician of those days infected 
and inflicted injury and sometimes mortal injury on his innocent 
patients. Semmelweis observed that with proper precautions and with 
extreme cleanliness, he could reduce his mortality rate in the obstetrical 
clinic from almost ten per cent, to as low as one per cent. Ilis method 
consisted in washing his hands in a solution of chlorid of lime before 
attending or examining his patients. 

Both Holmes and Semmelweis were bitterly attacked. The orthodox, 
conservative obstetricians of that time heaped so much abuse on Seni- 
melweis that he left Vienna and went to Budapest, where his broodings 
led to insanity and to an early death. Of tlie great men who have done 
good in the world, this Hungarian physician must be counted as one. 
For he has helped all mothers the world over. In their hour of great- 
est pain and greatest need he has assured them of a safe confinement. 
When, in 1883, Lister heard of Semmelweis, he honestly declared that 
to him belonged the precedence of originating antiseptic surgery. 

Pasteur’s studies in fermentation of vinegar led him to the dis* 
covery that this process is produced by a rod-like organism, the My- 
coderma acetL This discovery was met, as usual, with great contention 
and dispute, but Pasteur, as always, was right. He then began to 
investigate certain problems which had rather an important economic 
side to them. The great industries of Prance are the manufacture of 
wine, silk and wool, and any deleterious influence on the proper pro- 
duction of these commercial products will react badly on the economic 
condition of the industrial classes. 

The wine industry was troubled because so much of the manufac- 
tured wine was spoiled before being consumed by the public. This 
was due to the molding of the wine by microorganisms. It was also en- 
dangering the export wine trade, for the wine deteriorated during the 
long journeys to foreign countries. Pasteur investigated this problem 
and recommended that the wine be preserved by heating it at a tem- 
perature of 55° to 60° C. This partially sterilizes the wine and pre- 
vents its deterioration. To this process the name ‘‘pasteurization” is 
given. Its practical application in the conservation and preservation ot 
all foodstuffs is known to all. 

His discoveries of silk- worm disease and the method of its preven 
tion won for him the gratitude of his fellowmen, for thereby he saved 
for France an industry which was fast becoming ruined. Some time 
later he found the vaccine against sheep anthrax, reducing the mor 
tality among cattle from this disease to less than one per cent. His 
success with anti-anthrax inoculations led him to experiment^ with the 
treatment of hydrophobia by a similar method. In 1885, he described 
his success in the treatment of a boy who had been bitten by a rabid 
dog by means of injections of a vaccine obtained from the spinal 
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, rrow of infected animals. This discovery led to the establishment 
• : {^asteur Institutes for the administration of such inoculations in 
. I !*y big city in the world. 

Ill 1878, he described the Staphylococcus pyogenes aureus in boils, 
v hii'h he called ^‘microbes en amas de grains,’’ and the Streptococcus 
infftpcnes in puerperal septicemia, called by him ^‘microbe en chapelet 
dr grains.” In 1880 he described the pneumococcus. 

Pasteur’s work was so inviting for further investigation, that brilliant 
men in all lands began to study this new science of Bacteriology. It 
iiad been advanced as a theory by Jacob Ilenle (1809-1885), a great 
.Fcwish physician, in 1840, that certain infectious diseases are due to 
a ronfagmm animatum, and he emphasized the fact that fever is only a 
symptom and not a disease. This teaching of Henle profoundly in- 
finen(*,ed that earnest young German, Robert Koch (1843-1910), so that 
to vary the stupid monotony of general practice, he made private in- 
v<‘stigations in microscopic life. One of the largest bacteria known is 
tlie anthrax bacillus, discovered in 1865 by Casimir Davaine, and it 
was this organism that Koch first studied. In 1876, he had completely 
worked out the life cycle of the bacillus, and he reported it to Ferdi- 
nand Cohn, the great botanist of Breslau. Koch’s results were com- 
pletely confirmed by Pasteur. Discovery followed discovery, and Koch 
established the first technic of modern bacteriology. Ilis fixing methods 
and his staining processes made it easy for any young student to study 
miorobic life. He described six of the common organisms present in 
traumatic infections, developed the technic of plate cultures, discov- 
ered the tubercle bacillus, 1882, the cholera bacillus, 1883, and then de- 
veloped his famous Postulates, the Decalogue of the bacteriologist. In 
1906, he discovered in atoxyl the remedy for sleeping sickness, the peat 
of the African jungle. 

We must mention several more bacteriologists, for it was they who 
made diagnosis in infectious diseases a science. Edwin Klebs (1834- 
1913), Friedrich Ldffler of diphtheria fame, Albert Neisser, who dis- 
(‘()vered the gonococcus, Carl Joseph Eberth, who described the typhoid 
bacillus and others. Among famous American bacteriologists one should 
not fail to mention William Henry Welch, Simon Flexner, and Theobald 
Smith. 

That great plague of man, the curse of Venus, syphilis, has been 
•ntdy robbed of many of its terrors. Its cause was unknown until 
Pritz Schaudinn (1871-1906) described that highly motile, corkscrew- 
^iiaped spirochete which he named Spirocheta or Treponema pallida, 
'Old which was later cultured in pure form by Hideyo Noguchi. But 
greatest boon in the treatment and diagnosis of this, disease was 
discovered by Paul Ehrlich (1864-1916) and by August von Wasser- 
" ann, two famous Jewish scientists. 

Pasteup’s and Koch’s experiments led to the development of spe- 
fic serotherapy in various diseases. In 1890, Emil von Behring de- 
' ibed the serum method for the treatment of diphtheria, and it is 
ow universally accepted as a specific for this disease. Excellent re- 
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suit. wen. obtainod in tin- treatment of tetanus infection by anti- 

*^*’^^“* . *• TThrlir-li iiiid of Mctchiiikoff have 

Th<* and rxponmcntation serology. In 1883, when 

eatablished the Kidences ot imiTmriolog> and j 

Eli Mefchnikoff (184;Vl«il7) showed that “e 

espec'ialiy llie poi.vinielear lUMilrophile l(*iikot> cs,^ « great 

defense of tin* liuinaii body against invasion by imer o » " theory of 

advanee was luude in tlie understanding ot inimuni >• ’ 

. phagoeytosis is an easily demonstrated faet. Aeeor( i ^ ’ 

eertain of tin* boily eells are able to ingest an mfeet.ng ^ 

eorpiisele or other eell in the same manner as an ama'ba 
partiele. and to dispost^ rd’ it by iniraeelliilar digestion through t e 
agency of ferments known as “eytases. “ . 

But tin* great eoneejil of Immiinily was advanced by rjhrlicn m 
188r>. Twenty years previously. August Kekide had revolutionized and 
widely broadened the horizon of Organic Ohcinistry by suggesting that 
the lieiizol ring, composed of si.x atoms (*aeli of carbon and 
he imagined to conform to a regular hexagon. This induced Ehrlich 
to assume a similar hypothesis for his theory of Immunity. According 
to this assuiiii>t ion, the protoplasm ot the eell consists of a central group 
(Tf mole(*ul(*s ( fj isf (HHfsh'ft’if ) . in which the inhertmt vital characteristics 
ari* located, and whose integrity are necessary for normal cell life. The 
numerous iiioloeules are assumed to b(* supplied with numerous side arins, 
or side-chains, which arc capable of uuiting with various substances with 
which they may (‘ome in <*onta<'t --foods, toxins, and ot]u‘r harmful bodies. 
Ill order that nutritive matter may la* taken up by the cell it must 
possess a ei'rlHin eoiiformatioii which will enable it to unite, or dove- 
tail ill, vvitli IIm* conformation of the side-ehaiii. This conformation 


may he imagined as the relationship of a key to tlie lock — they must 
fit: in the words of Khrlieh they must he homologous. Ehrlich called 
the side-rliains “ re(*('])tors. " and the foreign group which unites with it 
“ liajitaplion*.” 

Based upon tliis livjiotliesis. Was.seniumn d(‘veloped a method for 
tin* diagnosis of syphilis by means of fixation of the eoinplement, a 
phenomenon diseovereil by .lules Bordet and Oetnve (lengou of Brussels. 
This has markedly faeilitated tlie diagnos! of luetie infeetioii, and has 


given tin* pliysieiaii an id»'a as to the course of the specific treatment 
of this ilisease. Tin* gri'at elimax of "iirliidrs life was the discovery 
of salvarsan. that wondt'rful orgai " arsenical preparation which acts 
•so markedly in the cure of sypid’-.s. 


The advance in tiie .study of Immunology attracted attention to a 
phenomenon of toxic react ii n to foreign protein. In 1798, Edward 
♦leiiner had ohs(*rveii that .‘crtaiii j>atients react very badly upon being 
inoculated with variola va«*eine a second time. In 18:J9, Francois Ma- 
geiidie ( 17Sd-lS.».>) proveil that after initial jiareuleral administration 
of (‘gg albumen, a suhseipient iiijeetion of this substance in rabbits 
will cause death. This phenomenon was also noted, in 1894, by Plexner 
in dogs which had received a second injection of dog serum. To this 
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phenomenon, Richet, in 1903, gave the name “anaphylaxis.” This was 
especially investigated by Theobald Smith. Arthns, Milton Rosenau, An- 
derson, Vaughn and others. Nowadays many ailments are ascribed to 
anaphylaxis, such as asthma, various food allergies, etc. This syn- 
drome is accompanied by a sudden and severe fall in blood-pressure 
and temperature, leukopenia, and local and general eosim>philia, a phe- 
nomenon first pointed out by Eli Moschcowitz (1911). 

If the nineteenth century had done nothing else for humanity except 
introduce that great blessing to the suffering of the world, that supple- 
menter of natural sleep, whereby the tr)rtured, pain-racked patient may 
close his eyes in oblivion, and forget for sonu* few sweet hours his 
agonies — if only that alone were discovered, it wiuild rank great amongst 
the centuries of accomplishment. To this condition of voluntary, blissful 
sleep, the poet-physician, Holmes, gave the name “anestlicsia.’ * 

It is too bad that the American to wli(*m tin* credit is due for tin* 
general introduction of ether anesthesia, in his attcunpl to k(‘ep a st^erei 
the nature of the anesthetic, and in his endeavor to patent an apparatus 
for its administration, sliould have given rise* to a heati‘d and undigni- 
fied controversy on this subject. Sev(‘ral men elaim(‘<l th(‘ Imnor ol being 
tlie originators of this idea. Time, liowiwer. has defiuitidy awarded to 
William T. G. Morton (1819-1868), of Massachusidts. the ])alm for being 
the first man to make etherization a general praetiei*. In 1800. Sir 
TTnmpliry Davy (1788-1829) had experiment(‘d will) nitrons oxid, ami 
had pointed out ^ that “it may probably he used with advantag<‘ in sur- 
gical operations in whicii no great effusion of blood takes ])]aee.^ Ibis 
fact W'as known to an Ameriean dentist, IToraee Wdls ( 181;>“1818'i. 


who used this anesthetic gas (1844) in his practice, until an unfortunate 
aecident causing tlie death of one of his patients diseiniraged him from 
this procedure. Wells had eommnnieated his (‘xperiments lo Morton, 
who, «lissa1 isfied with the use of Hie gas, hunted for anotlicr agent. An 
acquaintance of his, Cliarles T. Jaekson, informed hint lhal snli^hniic 
etlier mav he used as an anesthetic. It lias now hccii esiahlislied hv 
Young M'liat (h-awford W. Long of Gimrgia liad tvmoved in 1842 a sTiudl 
cystic tumor on the neck of a jiatient nmlcr the Infinom*! of illn i, nit 
as Welch slates “wt cannot assign to him any inflnenee uimn the his- 
torical development of our knowh‘dge of surgical anesthesia or any share 


in its introduction to tlie wairld at largo. 

John C. Warren of tlie Massachusetts General Hospital perfornie<l 
the first surfrieal oponition inxlrr ether at the request ut 
folIowinR ' is an extract of tlie reeonls ol tliat lioK|iilal toi 0<'>l . r 
16, 1846: “This ease is remarkable in the annal.yii sur!;er\ . w . s 
the first surgical operation performed under the infiuemM* oi o her. r 
Warren had been applied to by Dr. hlorton. a de.dist 

that he would try the inlialation <>f « fl''';' ; • • I'd . llmt 

pain during operations on the teeth. Dr. \\ ai r( n . . . . ^ 

. The wora “a-thesia” 

condos m the inodorn sense. ( w ni. Usior, 


p. m.) 
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the breething of the huid would be harmless, agreed to employ it. . , 
The cam waa a ‘'congenital, but superficial vascular tumor, just below 
the jaw, on the left side of the neck/’ It is said that when the operation 
was over, and the patient awoke, Warren exclaimed, "Gentlemen, this 
is no humbug 1” 

Imagine a surgical operation in the pre-anesthetic days. The shrink- 
ing pat^en^ is brought in by several strapping fellows to hold him down. 
The surgeon, a strong-minded, bluff-mannered man, comes in, and is 
ffrei^ted by the attendants and the expectant students. The doctor looks 
around, nods to the students, speaks kindly and encouragingly to the 
/ear-haunted patient, and proce(‘ds. Tlie operation is amputation of 
he lower limb for gangrene. The surgeon rolls up his sleeves, takes up 
e glisferiiug, sharp amputation knife, exposes the site of operation, and 
rapuiiy cuts. , . , Imagine the terrible, horrifying shriek of the pa- 
lent, who iH Kubduwl to impotence by the attendants. The surgeon works 
rasi. i^ads of persi^iration are on his forehead. The limb is off in 
»ur minutes. , . , The patient has mercifully fainted. . . . Swathes 

Imed Ind^h! r Tu «^tures are in- 

and his ... A young student may have fainted, 

ne m faint-heartedness 

may havT^Zl^l'^r T"*" 

may hat P r„U,.<| ,h„vn. a.i.l is ready for the next case. 

non (18 I IsrZ <’f •‘♦her, James Yorniff Simp- 

Ktefrieal n. Scotland used ehloroform anesthesia for his ob- 

Pan^l by .hat aen.e, 

f once a tre- 

wrote Sir Cliffo^Vit.f, “When I was a boy,” 

pitt(»d one' against the other <‘P<*rating upon the quick were 

««rpeo„ lK,tI. ^r .hrpaiS,* „ 7^” Z «■« 

record in an aminitation or a iithofnmv **’>‘®e-roinnte 

record-breakinft operations for the )' i'”* *’ *'**’ ™ 

lions? Theobvioi!sbonndfiLmm,itvfr™/“7'® Pweau- 

wc look Iieyond the individual was' less tlm 
anesthetics ended slap-dash sm»,-ry TJtlZ 
ries of Pasteur and Lister to be ddon/ ! 

. V . 

of the e^phagus (18721, and, in 1881. the “®‘^« .*^>8 Arst resection 
for careinoma. His visceral work did much Pylorus 

to clarify the patholoirv of all abdomimai stimulate study in and 

rari^ in Europe and"'in AmertT^e S"®', ®®»t®«PO 
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astic teachers of their specialty. It needs but to mention the names of 
Czerny, Thiersch, Von Esmarch, Paget and Hutchinson in Europe,, and 
Bigelow, Gross, Keen, Senn and the Mayo brothers in America^ to im- 
press one with the wealth of great names in- this field. In Russia, the 
work of Nikolai Ivanovich Pirogoff (1810-1881) did much to stimulate 
interest in surgery. He was the first to use ether in military surgery. 

In the specialties of surgery, the great advances made . during the 
past century are too numerous to be recounted here in detail. To Amer- 
ica belongs the credit of having made the initial advances in gynecological 
surgery. Ephraim McDowell (1771-1830), of Virginia, a pupil of John 
Bell of Edinburgh, settled in the wilds of Kentucky and soon became a 
wonderful surgeon. He performed twenty-two lithotomy operations suc- 
cessively with complete cure, and in 1809 he did the first ovariotomy 
on a woman forty-seven years old. The initial work of McDowell was 
continued by James Marion Sims (1813-1883), of South Carolina, who 
in 1852 perfected an operation for the cure of vesicovaginal fistula, by 
Thomas Addis Emmet, by Sir Thomas Spencer Wells (1818-1897), by 
Lawson Tait (1845-1899), by Howard A. Kelly and by others. 

The advances in obstetrics, ophthalmology and the other specialties 
were marvellous. .It is sufficient to state that the accomplishments in 
all the surgical branches since the days of Pasteur, and Lister far out- 
shine the progress made until the middle of the niiieteenth century. 

Coeval with the great discoveries made in microscopic life, there were 
made complete revolutions in the conceptions of the animal physiology 
and of pathology. These studies influenced greatly the progress of 
clinical medicine, so that in many instances acettrate scientific measures 
were developed in the diagnosis and treatment of sickness. The study 
of the physiological action of drugs was an attempt to place medicinal 
therapeusis on a logical basis, and the advances made in pharmacology 
in recent years bespeak great hopes for this science in the future. 

In ancient times the conception of the functions of organs had its 
basis in mystery and magic, and until the nineteenth century the ad- 
vances made were those of Harvey, who discovered the cinmlation of the 
blood, of Malpighi, who actually demonstrated the connection of ar- 
terial and venous capillaries, of Priestley and Lavoisier, who discovered 
oxygen and described combustion, and of Haller, whose experiments on 
the phenomena of irritability were correctly performed, although the 
conclusions drawn therefrom by his followers were deterrent to the 
progress of science. “In its most complete form, the idea provided for 
a distinct dualism between living and lifeless matter, making all vital 
actions dependent upon the operation of a mystical supernatural agency. 
This assumption removed vital phenomena from the domain of clear 
scientific analysis, and for a long time exercised a retarding influence 
upon the progress of physiology.” (Locy.) 

But during the nineteenth century the whole question of physiology 
was thoroughly investigated, and a brilliant epoch in the progrewj of 
biological science was inaugurated. In 1811 Charles Bell (1774—1842) 
published a small essay entitled, “Idea of a New Anatomy of the Brain,” 



94 


HISTORY OF MODERN MEDICINE 


in wliieh he divined by deductive reasoning and not by experimentation 
that the nerve fibers of the anterior roots of the spinal cord belong to 
the motor type^ while those of the posterior roo| belong to the sensory 
type. What Bell arrived at by poetic inspiration, the famous physiolo- 
gist of Germany, Johaimes Miiller (1801-1858), proved in the laboratory. 
Helmboltr*, his pupil, says of Miiller; ^"Whoever comes into contact 
with men of the first rank has an altered scale of values in life. Such 
intelhHJtual contact is the most interesting thing that life can offer. 
Though he was a great believer in the vitalistic conception of life— he 
had contemplated entering the Church previous to his devotion to science 
Muller s scientific observations and his breadth of vision led him to 
make woniierful advances in many of the domains of biology — ^physi- 
psychology, morphology, embryology, chemistry and pathology. 
We shall enumerate a few of his contrihutious : his studies on sensations, 
his discovery of the lymph heart in the frog, his experiments on the 
vocal cords and the voice, his experiments on the vision and color appre- 
ciation, his isolation of chondriii and glut in, and liis discovery of the 
function of tin* bristle ^•e^s of the internal ear, may be mentioned as 
some of his memorable scientific attainments. 

The great pupil of Muller, Hermann von Helmholtz (1821-1894) 
did much to continue his teacher’s work in physiology. In 1840, Muller 
had stated that no om* could numsure the vdocity of a nervous impulse. 
T.-n .ware later, Ilrlmholtz had done so. His studios on optic^and 

u<faWishod oph halmoloKy as one of tlio exact sciences. However his 
mat eontr,hnt.nn to science is the universal applieation of To fiS 
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htu. in 1857, When he also SsT^ in^ 
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\ng history, states of this discovery : “The fact that this substance could 
he obtained, seen as such and experimented with, was more potent* even 
than Wohler s work in establishing the fact that the animal body can 
Iniild up chemical substances as well as break them down. Further on, 
IJernard made it clear that the glycogenic function of the liver is in 
the nature of an internal secretion, a term which he first introduced. 
‘This,’ says Foster, ‘at one blow destroyed the then dominant con- 
ception that the animal body was to be regarded as a bundle of organs, 
each with its appropriate functions.’ ” 

His discoveries are too numerous to mention in detail here. He de- 
scribed the glycosuria that follows puncture of the floor of the fourth 
ventricle, investigated pancreatic digestion, studied the heat regulation 
of the body, described the vasodilator and vasoconstrictor nerve effects 
on the circulation, and made very many more contributions to physi- 
ology and pharmacology. 

The investigation of the physiological chemistry of digestion was in- 
augurated by Bernard. Previous to him, an American army surgeon, 
William Beaumont ( 1785-1 85,‘l), had studied the nature of the gastric 
juice and the movements of the stomach in sifn, in tlie case of an acci- 
dental gastric fistula (1825). In 1824, Johann Ehcrle suggested that 
the function of pancreatic juice was to emulsify fats, and ten years 
later Gabriel Valentin discovered its amylolytic property. But to 
Bernard belongs the credit of thoroughly studying the digestive influ- 
ence of the pancreas. He investigated its effects on starch, fats and 
protein, and demonstrated that it not only emulsifies but breaks up fats 
into fatty acids and glycerol. 

To Bernard’s pupil, Willy Kiihne (1827-1900), of Hamburg, is due 
the honor of identifying the proteolytic enzyme of the pancreas, which 
he called trypsin. But the great Russian physiologist, Ivan Petrovich 
Pavloff (1849-1916), made the thorough investigations on the chemistry 
of digestion and the effect of nervous stimulation on the quality and 
quantity of the juices secreted. He has established a great and fertile 
school of physiological study at Petrograd and his pupils have given 
great promise of continuing the excellent work of their master. Pav- 
loff 's book on “The Work of the Digestive Glands” is a classic. His 
experiments are desipribed by him in such simple language that even a 
layman will easily grasp their significance: “1 am also able to demon- 
strate to you the following instructive experiment: In the presence of 
some of my hearers, who were invited to attend an hour before the 
lecture, I carried out the following procedure on two dogs, both of 
which had ordinary gastric fistulae, and were, besides, esophagotomized. 
Into the stomach of the one a definite number of pieces of flesh were 
introduced through the fistula, the animal’s attention being distracted 
by patting and speaking so as to avoid arousing any thoughts of 
feeding. The morsels were threaded on a string, the free end of which 
was fastened into the mouth of the fistular cannula by a cork. The dog 
was then brought into a separate room and left by its(‘lf. A like number 
of pieces were introduced into the stomach of the other dog in the same 
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way, but during the process, a fictitious meal was given, the animal 
being afterwards left alone. Each dog received 100 grams of flesh. 
An hour and a half elapsed, and now we may draw the pieces of flesh 
out by means of the thread and weigh them. The loss of weight, and 
consequently the amount of flesh digested, is very different in the two 
cases. In that of the dog without the sham feeding, the loss of weight 
amounts to merely six grams, while the flesh withdrawn from the stom- 
ach of the other dog weighs only 70 grams, that is to say, was reduced 
30 grams. This, therefore, represents the digestive value of the pasi^ge 
of food through the mouth, the value of a desire for food, the value of 
an appetite.’^ 

The study of the physiology of metabolism was begun by Justus von 
Liebig (1803-1873) and by Friedrich Wohler, whom we had occasion to 
mention previously. 


In 1840, Liebig published a dietary study in which an attempt was 
made to estimate the carbon balance on a company of soldiers. In 
62, Max von Pettenkofer (1818-1901) perfected his respiration ap- 
paratus. This furnislied a much better means of investigating the re- 
spiratory products than any before used. It differed in several essential 
points from the respiration apparatus which Regnault and Reiset used 
m their experiments with animals in 18.56, or the still earlier form 
use,! by Bou.ssingault from 1839-1844. In 1862, Ranke made a con- 
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in the past quarter centu^ are the outcome of the initial experiments 
of Claude Bernard, who in 1855 described the glycogenic function of 
the liver as the secretion interne^ in contradistinction to the secretion 
of bile which he designated a secretion externe. In the same year ap- 
peared the book by Thomas Addison (1793-1860) “On the Constitutional 
and Local Effects of Disease of the Suprarenal (!^apsules.’’ This inaugu- 
rated the study of^ diseases of the glands of internal secretion, abc»ut 
wliich, as Swale Vincent writes, “there has been much loose thinking 
and loose writing.’^ In 1889, Charles Edouard Brown -Se(|uard (1817- 
1894) found that subcutaneous injections of extracts of testis exercist*d 
considerable influence upon the general healtli as well as the muscular 
power and mental activity. The experiments were i>erformed upon 
himself when he was seventy-two years old, and he described very 
marked rejuvenating effects.” He, 1hereff>re, promulgated tlie theory 
that all tissues give off some unknown substance or substances to the 
blood, which is specific and particular for each particiilar tissue, and 
which plays an important role in the general nutritifm (»f the body. 
“This may be regarded as the real beginning of the modern doctrine 
of internal secretion, and represents the actual view of many modern 
writers, particularly in France’’ (Vincent). Brown-Sequard’s con- 
tributions are his experimental production of Addison’s disease by ex- 
tirpation of the adrenal glands in animals, his testicular therapy, and 
his glandular treatment of acromegaly. 

Moritz Schiff (1823-1896), a Jewish pliysician of Frankfort-am-Main, 
added much to our knowledge of endocrinology. Ilis experiments on 
the effects of excision of the thyroid in dogs, and the cure of thes(' 
effects by thyroid grafts and by the injection or ingestion of thyroid 
extracts, are epoch making. To him is due the great discovery of 
the treatment of myxedema and cretinism. Sir William Osier pays 
tribute to Schiff: “A mother brings her child to . . . tlie neurologi- 
cal department, a poor dwarfed, idiotic creature, but all tlie same very 
dear to her heart. It is a far cry from the little laboratory where Schiff 
made his immortal experiments, and literally tliousands of workers in 
the mines of science have slaved to find the pure gold, handed out freely 
from this hospital to that poor woman, with whieh salvation was wrought 
for her poor child. It seems so easy now. ‘Ah, a erotiu. How in- 
teresting! How old do you say? Eight? AVhy, she looks throe. All 
right, do not worry, the child will get well quick; get these ])owder8. 
Yes, three times a day!’ ” ® 

In 1889, Von Mering and Minkowski described the artificial produc- 
tion of diabetes mellitus by the excision of the pancreatic irland. This 
was ascribed to the removal of the internal secretion produced by the 
islands of Langerhans, as shown by the experiments of Opie, (»f Szobo- 
leff, and of W. G. MacCallum. 

The discovery of the effect of adrenal extract by Oliver and Schafer, 
the study of thyroid disease by Graves, Basedow, Shution and others, 
the discovery of iodine in the thyroid gland by Baumann, the investi- 
gation of parathyroid disease by Sandstom, Gley, Halsted and others, 

VoL. 1.-7. 
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of pjtiiitary dtaeaite by Jklohr, Pierre Marie, Frohlich, Harvey Cushing 
and others, of the thymus by Kopp, Richard Bright, Paltauf and others, 
and of the sexual glands by Paton, Battey and others, have added an 
interesting and very fruitful chapter to the science of physiology. 

The conception of the structural conformation of living tissue was 
very vague until tlie late thirties of the last century. Before that 
time, microKCopiKts ha‘d observed, as for example, Hooke of England, 
Malpighi of Italy, Wolff and Okon of Germany, that organs were com- 
posed of small sulxiivisions, which they called cells, vesicles, utricles, 
etc., but this 'wm simply an arbitrary observation of the appearance 
of the structure of living matter under the magnifying glass. No at- 
tempt had been made to theorize or generalize on this subject. In 1838, 
the so-called “('cll Therjry” was propounded by the two friends, Mat- 
thias Jacob Schleiden (1804-1881) and Theodore Sell wann (1810-1882). 
They demonstrated that ail plants and animal tissues were identical in 
their ultimate structural composition, and they concluded, in the words 
of Schwann, “that the elementary parts of all tissues are formed of 
cells in an Hnalog(»us fhougli very diversified manner, so that it may 
be asserted that there is one universal prinei])le of development for the 
elementary parts of organisms, however different, and that this prin- 
ciple is the function of cells. “ “The development of the proposition 
that there exists one general jirineiple for the formation of all organic 
pro< uctions and that this principle is the formation of cells, as well 
as the conclusions wliieli may be drawn from this proposition, may 
.<• compris..,! muhr tl>,. form ‘(M\ Theory,’ usinff it i„ its more ex- 
tnided signifieanee, while in a more limited sense, bv the theory of 
ce s we understand whatever may be inferred from this proposition 
with respeet to the powers from which these phenomena result 

Afax Wrworn, the great physiologist of .T(ma. thus discusses the 
to the Schleiden and of Schwann: ‘‘It is 

nv Tn H. r ">• later drives 

<l.'. / f I ® 'I'** problem of muscular contraction and of 

the heart heat; in the .thuid eell resides the e«.i,o. "«^ion ana ot 

;i'" ";V" ““I ;L”:3C' s 

■ ■"'* "" “«> » Ibe 

Sevvral years before the announeement of the Cell Theorv whi.h 
«M.rofou,Mlly affected philosophie .v.-culation, Felix D«far“i7{Soi 
IfidO) had noticed m lower an:..ial life a semi.fliii,t tfii i”i ^ u" 
stniiee which ho called .wreodc. ..nd which ho described as 
with all the ((ualities of life. Schleiden called thi« , i ' endowed 
TIuro von Mold (1805-1872) a botiiiiis-t srhirh, <7«m, and 

Piirkinje (1787-186!)) proto, ,1mm. In Vs4 
1«!)8) aasunicd. and in 1861 Max 8h>hn tre f 'o , 

dewtrine” to the effect that the imX^* 
minute maizes of protoplaam .surroundiuR a nucleus and Tf 

” The eZlt "oMh anil Wr 

The effect of the promulRat.on of the (’ell Theory is seen at once 
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Oil the Gargantuan strides that the sciences of embryology, histology 
and pathology Blade in t!ie immediate decades following; for, scientists 
reexamined what they had seen before, with broadened vision and 
more philosophic thought, and found newer wonders and greater marvels 
in the smallpesses of Nature’s workmanship. 'With Magendie they could 
exclaim, **In totce minimcB Naiura est,** 

Karl Ernest von Baer (1792-1876), the greatest of all embrydiogists, 
discovered the mammalian ovum in 1827. Almost a eentnry before, 
Kaspar Friedrich Wolff had shown that the JMuhryo is eonstmeted 
out of material which is arranged in leaf -like layers (1759), and this 
observation was more clearly defined by Christian Pander, who, in 1817, 
showed by experiments on .the chick embryo that it was composed of 
three layers out of which the body was ultimately constructed. It was 
tlie great achievement, however, of von Baer that lie generalized this 
obser\^ati6n of his friend Pander, and established it as one of the laws 
of nature, that these three layers are presimt in the embryos of all 
animals, except the very lowest, and that these “germ layers” form 
all the organs of the body by convoluting to assume the necessary sliape 
and structure. Von Baer had assumed that tlie “germ layers” were 
four in number and it was Robert Remak (1815-1865), a »Jcwisb phy- 
sician, who pointed out that the two middle layers are really a division 
of one — the mesoderm. 

But these morphologic observations were at once made general, wlieu 
it was discovered in 1861 by Carl Gegenbaur that the ova of all ver- 
tebrate animals, regardless of size and condition, are in fact only simple 
cells. In 1865, this was also proved to be tlie easi* of all sperm cells. 
“The rest was relatively easy: the egg. a single (m*11 |f(*eunduted by a 
sperm cell!, by successive divisions produces many cells, and the ar- 
rangement of these into primary embryonic layers, brings us to the 
starting point of Wolff and von Baer. These colls eoiitinuc to multiply 
by division, not only increase in number, but also undergo (ihanges 
through division of physiological labor, wliereby <*ertain groups are set 
apart to perform a particular part of the work of the body. In this 
way arise the various tissues of the body, wdiich are in reality similar 
cells performing a similar function, ih^inally, from combination of 
tissues, the organs ate formed.”^' 

The work of these pioneers in embryology was extended by Ratbke 
and Remak in the fields of invertebrate and viTtcbrate zoiilogy. In 
1866, Kowalevsky (1840-1901) demon.strated that tliere is no definite 
division between the vertebrate and the inverteliratc animals, so far as 
their development goes, for he showed similar Ktag(‘s of development in 
the case of the Amphioxus (considered an invertebrate) and a tunicate. 
“The Recapitulation Theory,” foreshadowed in the writings of von 
Baer and of Louis Agassiz, was clearly enunciated by Fritz Muller in 
1863. According to this theory, “animals are supposed, in their in- 
dividual development, to recapitulaff* to a considerable degree phases 
of their ancestral history,” This theory is enthusiastically advocated 
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5n the writings of the great English embryologist, Francis Maitland 
Balfour (1851-1882), and of the German biologist, Ernest Haeckel. 

Virchow made the general dictum, **Omnis cellula e celhila.** The 
characteristics of the parent cells are transmitted to their offspring, and 
it is upon this fact that the modern theories of heredity are based. In 
1860-67, Gregor Mendel (1882-84) studied by experimentation — re- 
markable in a monk ! — the effect of inheritance on the individual char- 


acters in twenty-two varieties of garden peas. He cross-bred pure races, 
showing certain constant i)hysical characteristics, as for example, color, 
length of stem, seed conformation, etc., and produced hybrids. He then 
proceeded to ol>serve the results of self-fertilization among these hybrids. 
Heathen enunciated the following law, known as the Mendelian Law: 

Whenever there occurs a pair of differentiating characters, of which 
one is dominant to the of her, three possibilities exist: there are reces- 
sive which always breed true to recessive ehara(?ter; there are dominants 
which breed true to the dominant character, and are, therefore, pure; 
and, thirdly, there are dominants which may be efdled impure and which 
on self-fertilization (or in breeding, where the sexes are separate) give- 
u * ^^^*^*”**^^ recessive forms in the fixed proportion of three of 
the former to one of the latter’^ (R. 0. Punnett). 

This dictum of Mendel and the work of Francis Oalton (1822-1911) 
a cousin of Charles Darwin, have founded the science of Heredity, from' 
thp stndy of which the future will, no doubt, greatly benefit. Galton 
studied the inheritance of stature, and other eharaeteristics in human 

in7Jfl7 "t of ancestral inheritance, published 

in 188,1 : The parents together contribute one-half of the total heritage 
the four grandparents together one-fourth, the eight great-grandparents 
one-Rixteenth, and all the remainder of the ancestry one-sixteenth ” 
Another result of the advancement of the Coll Theory was the 
progre-ss made m microscopic anatomy, or histology. PoremosHn the 
ranks of histologists, wc must mention the name ofjaeob M (1809- 
1885). Garrison writes of him: ‘^Altogether the histnlnlinoi 

sr.;i S'";' -t i*”" •«« is ^ 

He was of Jewish descent, born in the town nf 
berg, and was one of Johannes Miilb ’I Wile mioils“'% 
concede him to be the greatest German hisfnlnmo+ /i, 
of the greatest anatomists of all tir,. We Ln on^v 
tnbntioiis to science in a few w.' ds for h;. 

a shelf in the lihran,. He 2,:reH ft u . books fiU 

nf the skin and all mucous mombraims norr" ®eUs 

described the involuntary n.usoIe-fiWs in the fnnfe”“‘ similarity; 
ve^el.s; gave an accurate account of the h knu 

pointed out imrwrtant new fairin the = 

tnre, kidney histology (Henle’s tubules) etc ront »*ruc- 
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One, Ramon y Cajal, is a Spaniard, and the other, Camillo Golgi, is 
an Italian. Their special contributions have been in the study of 
the microscopic anatomy of the nervous system. 

The founder of cellular pathology is Rudolph Virchow (1812-71902). 
He was a man of revolutionary ideas not only in science but also in 
political reform, so much so, that in the upheaval of 1848 he had to flee 
Prussia. Upon the recommendation of Scanzoni, he obtained the chair 
of pathologic anatomy at Wiirzberg. His teacher had been the great 
Johannes Muller, who, besides him, had for his pupils that great and 
famous list of men, Briicke, Henle, Wagoner, Helmholtz, Bois-Reymond, 
Olaparede, Ludwig, Schwann, Volkmann, Reichert, Lachmann, Vierodt, 
Kolliker, Remak, Lieberkuhn, and Haeckel— -a company of scientists 
whose names have left unerasable impressions on the sainls of time. 

Virchow was in reality the spiritual successor of the Frenchman, 
Marie F. X. Bichat (1771-1801), of whom Thomas Henry Buckle, the 
historian, writes: *‘It is from this point of view that we are to 
rate the value of Bichat, whose words, like those of all men of the highest 
eminence — like those of Aristo4|le, Bacon and Descartes — mark an epoch 
in the history of the human mind.’^ The German pathologist proved 
that all cells come from parent cells, and this was the foundation of 
his treatise on tumors. Virchow was the first to describe leukocytosis 
and to point out that condition of the blood characterized by the afebrile 
increase of white blood cells, which he called leukemia. He demon- 
strated that the important phenomenon of embolism is the primary cause 
of phlebitis, whereas ii had been previously conceived that phlebitis gave 
rise to thrombus formation. Pie described arthritis deformans, studied 
the histology of the neuroglia, and discovered the lymphatic sheaths of 
the cerebral arteries. 

The greatest pupil of, and successor to, Virchow was the Jewish 
scientist, Julius Cohnheim (1839-1894). His experiments on inflam- 
mation and suppuration were epoch making in pathology. In opposition 
to his teacher, he demonstrated that diapedesis of leukocytes is always 
present in inflammation. His experiments on tuberculosis, and on the 
nerve endings in muscle, and his introduction of newer pathological 
methods will always be considered as monumental contributions to this 
science. He was a very great teacher, and among bis pupils may be* 
mentioned Heidenhain, Ehrlich, Neisser, Weigert, Welch, and Coun- 
cilman. 

Carl Weigert (1845-1904) is another of the great pathologists of 
the last century. His methods of staining bacteria by anilin dyefi^ 
his investigations in renal disease, smallpox, pathology of nervous sys- 
tem and veins are memorable. 

The further progress of pathology is so intertwined with the advances 
made in clinical medicine, that we shall refer to the contributions to 
pathology by the great clinicians in giving the story of some of the 
great practitioners of the latter times. 

Medicine during the first half of the nineteenth century was in 
a restless state, and schools upon schools arose, practicing their own 
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fad« and fancies, so that Virchow, in 1854 , indignantly exclaimed: 
“German Medicine, on account of its views and dissenting schools, has 
become the laughing stock of the world.” Oertel has graphically de- 
scribed the situation of the time.*^ “There did not exist a well-founded 
universal scientific method of thought, investigation or teaching, but 
only opposed and battling Vseliools* and ^systems’ of Hahnemann, 
poly^amasia, Rademacher's system, Priessnitz's system, therapeutic 
nihilism, eclecticism, Bouillaud s bleeding to unconsciousness of the 
patient, Dietrs absolute condemnation of bleeding as a criminal otfense 
0849 ), mesmerism and others. They formed the source of senseless 
and endless discussions, for they were all speculative and contributed 
much to the entertainment of their pompous defenders and the laity, 
but not to the benefit of their patients. ... It was not even a time 
of crude empiricism, but a fantastic period, which, like a nightmare in 
individuals, occasionally arise.s during the life of a nation.” 

reads this, one is shocked when reminded that in one 
state of our own country, more than ten so-called “schools of medicine” 
are permitted to practice their foolish and ignorant, if not criminal 
Ihcories on the credulou.s, misled, and misinformed public. 

<he nineteenth century, the advances 

/ rf"’;'- their influence on 

tile practice of the healing art. 

ofhJr"&™^’ >■" the United States, and in the 

ies^n J 1 nations there have been established elin- 

torief whZ e •" diversities or with research labora- 

Sod nnTt "" *'''®''®'-® "’®‘ their students and demol 

Te^ on.-. "'■t »>'® aeiance of medicine 17X6 

eap^ially 

fd" ™®®^^n?vrith 

hepatic disease, and for his work on *V the pathology of 

hia first volume of ‘Z JZTf L r it p Introduction to 

and practical medicine have mS 1 dim 

the results arrived at by'LdeX -raX""!* oPPOsition to 

A large proportion of modieal r. n ** scientifle research. . . , 

practice transmitted fnm the 8nemnts*''Ttmv 

aminrical method of treatment and tike mtl^ ® ®®*®*y to the 

science. They look upon th.ras solt7„ “"itn-aanee of medical 
select what is practically usefui or what they 

nosis. or for the elucidation of ’individual 
purpose, but their general views arc not at all infllT”’ an ®®®® 

The great clinical teachers of oXL! • influenced by it.” 

Ziemssen, von Leyden, Nothnagcl, .Senator^ Kussmaul, Traube, 

many others of intcniational repute Adolnt. X”’ II®®vden, and 
contributed much to our knowfeSge ot d (1822-1902) 

" ‘‘'“‘’®‘'® «onia, osteomyelitis, 
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bulbar paralysis, mesenteric thrombosis and many other important sub- 
jects. Ludwig Traube (1818-76), one of the great Jewish physicians, 
was an ardent experimentator in pathologic anatomy. His writings on 
pulmonary disease, febrile states, suffocation,' digitalis, and vagus physi- 
ology are justly famous. 

In England, William Withey Gull (1816-90), Samuel Wilks (1824- 
1911), Fagge, Golding Bird, Thomas Clifford Albutt, and others have 
been famous clinical teachers and writers. 

America and England both boast of Sir William Osier, for while 
lie was a Canadian by birth, he spent the most productive years of 
his life teaching at the University of Pennsylvania and at Johns Hop- 
kins University. In 1904, the mother country called him to her famous 
seat of learning, and until his death (1920) in his seventieth year he 
was Regius Professor of Medicine at the University of Oxford. As a 
writer of attractive English, as an excellent teacher of Medicine, as a 
brilliant diagnostician, and as a charming medical historian, there are 
few in England or America that can rival this master of medicine. 
Other great American physicians are Emanuel Libman, William Sidney 
Thayer, and Frank Billings. 

In psychology and psychopathology great advances have been made 
in the last five decades. Among the leaders in this science are Pierre 
Janet, Alfred Binet, Adolph Meyer, von Krafft-Ebing, Havelock Ellis 
and others. A great step forward has been taken in the conceptions of 
hysteria and in the “psychopathology of every-day life,” by the work 
of the Jewish physician, Sigmund Freud of Vienna. His writings are 
epoch making, and he has found many exponents of his teachings, in 
men like A, A. Brill, W. A. White, and J. J. Putnam of America. 

In the study of therapeutics and of physiology a new science was 
developed, that of pharmacology. Huge steps have been taken in the 
study of the action of drugs on the animal economy, but very much 
more work is to be done to nmke this an exact learning. It seems 
that there is a relationship — some claim a definite one — between the 
constitution of a substance and its physiological effect, so much so, 
that Emil Fischer made a deliberate attempt (1904) to produce a re- 
liable hypnotic and synthesized veronal. 

The greatest German pharmacologist is Oswald Schmiedeberg, a pupil 
of Rudolph Buchheim (1820-1879). He was the first to study the 
action of poisons on the frog’s heart. Contemporary with him are 
Karl Binz (1832-1912) and Hans Meyer, in Germany. In America 
the work of Wood, Abel, Hunt, Sollmann and Samuel James Meltzer 
are noteworthy. The famous pharmacologists of England are Sir 
Thomas Lauder Brunton and Arthur Robertson Cushny. 

With the dawn of modern chemistry, the developments of methods 
for the medicolegal recognition of poisoning reached a very high point, 
though as Witthaus states, “It is far short of what it will attain in the 
future.” According to this great toxicologist, there are six events in 
the history of toxicological chemistry which mark important stages in 
the development of this science: The first of these is the practical ap- 
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plication of the previously obwrved flsaetTho^^teThnS 

the detection of arsenic, by James M. Mbkh uooo;. . 

though modified, is still the basis of all delicate tests for |““- 

in 1839, Orfila extracted notable quantities 0 this 

spleen, kidneys, heart and muscle of the assassm-suicide Soufflar^ ttis 
being the first instance of the extraction of absorhed ra 
human cadaver. Five years later, Fresenius and von Babo developed 
a process for the Kyjitematie investigation for all minera poisonings. o 
far as organic toxicology goes, tlie separation of the vegetable alkaloids 
fi*oin medicinal and poisonous plants, beginning with the stuaies o 
opium by Serturner (1805) marked a new departure in toxicology and 
pharmacology. Stimulated by the necessity for isolating lucotin in a 
case of suspected poisoning, Stas, in 3851, devised a scheme for the Rep- 
aration of alkaloidal poisons from the cadaver, which, though modined, 
is still in general use. In 1874, Selmi demonstrated that the substance 
which had been extracted from an exhumed body and which was sup- 
posed to be morph in upon analysis, was in reality not morphin but a 
putrid product, a ptomain or a ^‘eadaveric alkaloid.”^® 

“Medicine,” says Professor Vaughn, “consists of the application 
of scientific discovery to the prevention and cure of disease. All else 
which may go under the name of medicine is sham and fraud,’’ The 
public authorities, aided by the advice of the medical profession, can 
save more lives by the prevention of disease than by permitting the 
disease to develop and endeavor to have it cured later. It is this princi- 


ple that has almost eradicated typhoid fever in the community, made 
small-pox a rare disease, and cholera an unknown affliction. The instal- 
lation of systems of filtered water and good sewerage, the passage and 
enforcement of laws tending to regulate the building of residences for 
the poor, the control by the local health board of persons suffering with 
contagious disease and the free distribution of small-pox vaccine, diph- 
theria ahd tetanus antitoxin have done more to lower the mortality list 
than the use of the “senna and rhubarb” of the therapeutist. It is 
to propljylaxis of disease that the future generation will owe its safety. 

The great German pliysieian. Max von Pettenkofer (1818-1901), 
inaugurated the science of experimental 1 giene. He studied the effects 
of various diets on the health, the influence of ventilation of dwelling 
houses, methods for the estimation of ^'drbon dioxid in the air, the rela- 
tion of atmosphere to clothing, and ;ne relative advantages of stove and 
hot-air heating of homes. 


Tbe Rovevninent now roRnb.tes the health snrroundinRs of the work- 
ing: people. and strinpeut laws are passed to secure for the laborers 
sanitary shops and homes Industrial hygiene will do much to eradicate 
disease and nlleviate poverty among the working clas.ses. In most civi- 
lized countries, children under puberty are not allowed to work in the 
factori^, and, while ni certain states of the Union a benighted spirit 
still reigns supreme, Congress ,s attempting, by heavy taxation to force 

eSitaUon!™ " this ■ m’ethod of 
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Comparable to all the great advances of the past century is the 
j^rogress made in the establishment of modern hospitals where women 
Jo the ministering work to the sick. For, in this noble pursuit, w^oman- 
hood has attained its most beneficent influence to the community. 
Women serve now to lessen the suffering of the sick, to attend to his 
])ersonal comforts, and console him in his great pain and grief. 

It was Theodore Fliedner (1800-1864), a pastor, who originated the 
idea of training women in the care of the ill. Ills idea was originally 
to teach discharged female prisoners how to go about the sick. But it 
is to the great Englishwoman, Florence Nightingale (1823-1910), to 
whom the credit is due for establishing a teaching institution where 
noble-hearted women could be taught how to take care of those that 
suffer with bodily ailments. During the Crimean War (1804), she went 
out with a body of nurses to minister io the sick and wounded brought 
in from the battlefield. Since then, women play as important a role 
in war as men, for, while the soldier aims only to destroy and kill, the 
nurse helps the physician in reclaiming the injured and crippled from 
death. 

The future of medicine is in the advancement of the scientific work 
done in the laboratory. There arc still a number of fossilized minds who 
cling to the idea of ‘‘vitalistie conceptions of life,” and, while they 
may retard science for a while, they and their obstructive tactics will 
disappear, for science must finally triumph. It has been pointed out by 
the eminent Jewish biologist, Jacques Ijoeb, in his masterly book on 
‘‘The Materialistic Conception of Life,” that all vague vitalistic theo- 
ries will have to yield to the positive demonstrations of scientific truth. 
*^Eppur si muove/* murmured to himself Galileo, who had just recanted 
his life-long sought truth, and the monks and fools that surrounded 
him were pleased with the untruth which they had forced from the 
aged, kneeling sage. But the times are changed. Tliere may be those 
who would wish for the power to command the “Sun to stand still 
upon Gibeon, and thou. Moon, in the Valley of Ajalon.” The miracles 
of the day of Joshua are, however, passed, and neither the Sun of Science 
nor the Moon of Meditation will halt in their glorious path of ultimate 
liberation of the world from moral and political and physical disease. 
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CHAPTER VI 
HYPERSENSITIVENESS 
By Arthur P. Coca, A.M., M.D. 

Definition^ p. 107 — Classification of the phenomena of hypersensitive- 
ness, p. 108, 

Anaphylaxis, p. 110— Exciting agents of anaphylaxis, p. 110— Active 
sensitization, p. 117— Passive sensitization, p. 118— The symptoms 
and pathology of anaphylaxis, p. 124— Local anaphylaxis, p. 1110— 

Antianaphylaxis, p. 138— Antisensitization, p. 142— Theories of the 
mechanism of anaphylactic shock, p. 143. 

Allergy, p. 154 — Definition, p. 154 — General allergic symptoms, p. 154 
— Drug allergy, p. 156 — Serum allergy, p. 102 — Hay-fever, p. 179. 

Tuberculin sensitiveness, p. 185. 

Toxin hypersensitiveness, p. 191. 

Definition. — If an individual reacts specifically or particularly, with 
characteristic symptoms, to the administration of, or to contact with 
a quantity of any slibstance, which, to the majority of the members of 
the same species of animal, is innocuous, that individual is said to be 
‘ ‘ hypersensitive ’ ’ to 'that substance. 

The feature of specificity” or parti.cularity is an important cri- 
terion in the definition of hypersensitiveness. It depends, in one group 
of the phenomena of hypersensitiveness (‘^anaphylaxis”), on the spec- 
ificity of the antibodies, which are responsible for tliat condition. The 
particularity exhibited in another large group of the pheuomona of 
Iiypersensitiveness — that which we shall designate as “allergy” — is, 
in many instances at least, not referable to an immunological process, 
since the exciting agents are not capable of inducing the production 
of antibodies. The cause of this particularity is not known ; its super- 
ficial resemblance to immunological specificity has led to frequent 
confusion of the pjienomena of allergy with those of anaphylaxis. 

By “characteristic symptoms” is meant a symptom-complex that 
is generally different in the different animal species for the same group 
of substances but uniform in any one species for various substances. 
Furthermore, the symptoms of “hypersensitiveuess” under the proposed 
definition are different from those elicited by the normal physiological 
action of the respective material. 

It is evident that the definition, which has just been given, of “hyper- 
sensitiveness” is out of agreement with its etymological derivation, be- 
cause the assertion of a condition of hypersensitiveness in one individual 
presupposes a condition of normal sensitiveness in other individuals, 
whereas certain substances to which “hypersensitiveness ’ exists, notably 
horse serum, pollens or their extracts and foodstuffs, are entirely in- 
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nocuous to most persons or animals when administered in the usual 
manner and in ordinary amounts. However, since the term hyper- 
aensitiveness has so lonj? been used in the sense of the foregoing definition, 
and as there seems to be no more accurately descriptive word that could 
be used in that sense, it appears wise to retain tlie term, notwithstanding 
its inconsistent etymological derivation. 

The definition of hypersensiti\"eness that is here proposed excludes 
from that category the phenomena of toxin-hypersensitiveness and 
tuberculin sensitiveness; the former because its symptoms are not dif- 
ferent from those of the normal effect of the toxins, the latter because 
its symptoms are the same in all animals and because they are different 
from those of hypersensitiveness to any other substance in any animal. 
Ilow’cvcr, these hvo phenomena will be briefly treated in separate 
chapters. 


OlaMification of the Phenomena of Hypersensitiveness. — The con- 
sideration of the subject of hyperscnsiliveness bus been rendered diffi- 
cult because, through the disregard of the one restricting criterion of 
the condition of anaphylaxis, many experimental and also clinical 
phenomena having a superficial or even a closer resemblance to those 
of anaphylaxis have been included in this category. This complica- 
tion is increased by the wide and stoutly maintained differences of 
opinion as to the nature and site of the anaphylaxis reaction itself and 

r I, ♦''« nreessity of an orderly classification of the 

ickTr^M *'’*’"* phenomena that have been 

asMciated nith them, based on clear definition of the terms emnloved 
and he has attempted to meet this need. employed, 

O'e npplicalion of the term allergu, which had 

objections to Boerr’s classification : ‘ ^ ^ ^ 

in every ease, phenomena whose etioloirv is 

of the forms of hyperscnsiliveness ThiTsss ^*'"m that of any 

anything to the understanding of the contribute 

'■"‘’isilriirtT 

cording to the natnrrS'Xlxlh*n-’a“m^^ 
antigenic property) must, for the present it ^ ’'eference to 

division of the etiologieallv related nhenomeo in a sub- 

sensitiveneas, since the exciting a-^enf i^somi^ ’’yP®'- 

Befareace: (a) 76 . of this cate- 
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to 

A. Non-Antiqenic. Sub- 
stances 

(1) Hypersensitiveness 

(drug idiosyncrasies) 

(2) Hyposensitiveness 


Doerr’s 

Classification 


to 

B. Antigenic Substances 

(a) lo Toxins 

(1) Ilypersensitivcness 

(not due to antibodies) 

(2) Hyposensitiveness 

(due to antibodies) 

(h) to Proteins 

( 1 ) Ily persensit i veness 

(due to antibodies; ana- 
pliylaxis) 


(2) Disappearance of hyper- 
sensitiveness ; antiana- 
phylaxis 

(not due to antibodies) 

gory (those of drug idiosyncrasy) is not of antigenic nature, whereas 
in other cases (those, for example, of hypersensitiveness to animal 
proteins) the exciting agent appears to be an antigen. 

Since no advantage to the understanding of the present subject is 
gained, indeed, quite the reverse, in considering the etiologically unre- 
lated phenomena of hyposensitiveness, the term hypcrsevsitivcness be- 
comes available as an inclusive term upon which to build a classifica- 
tion. It is proposed, therefore, to consider the phenomena of hyper- 
sensitiveness in two categories ; the first to include only those that have 
been shown to be due to the interaction of antigen and antibody — the 
hypersensitiveness of anaphylaxis ; the second to embrace all other forms 
of hypersensitiveness (as defined above) ; that is, those in which the co- 
operation of true antibodies has not been demonstrated. For the latter 
category is reserved the term allergy. 

It will be seen that the phenomena which the proposed definition 
assigns to the class of allergy, though elicited by so wide a variety 
of substances, have many more features in common than the merely 
negative one of an unproved antigen-antibody mechanism. Indeed, the 
marks of similarity are so numerous and so close that the burden of 
proof must be placed on those who would assume that the etiological 
basis is not identical in all of them. Thus, although the proposed use 
of the term allergy represents a considerable restriction of its etymologi- 
cal significance (altered reactivity), this restriction is amply justified, 
3nd particularly so by the greatly enhanced importance with which 
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allergy 


anaphylaxis 

Anaphylaxis is a state of hypersensitiveness that 
ence, in certain tissues, of specific 

laxis being caused by the meeting of these antibodies with the respective 

antigen in those tissues. , . 

The conditions under which the nieetinp: of antibody and antigen 
must take place in order to produce the symptoms of anaphylaxis vary, 
in part, in the different animal species. However, one of the necessary 
conditions is common in all species, namely, that the of the 

antibodies with the whole of the minimal fatal amount of the antigen 
must take place within a definite brief space of time. In other words, 
if that minimal amount of antigen, as determined by intravenous in- 
jection, is injected in such a manner (as by the subcutaneous route or 
v'cry slowly by the ini ravenous route) that all of it docs not arrive at 
the site of the antibodies within a definite period of time, the symp- 
toms of anaphylaxis are lessened in severity or they may be entirely 
absent. 


. Agents and jModes op Anaphylactic Sensitization 

Exciting Agents of Anaphylaxis (Anaphylactogens ). — The state of 
anaphylaxis can be induced only by antigenic substances. However, 
since not all antigenic substances are capable of inducing the state of 
anaphylaxis, there is need of a term (. signating only those antigens 
whicli are capable of inducing that state, and this need has been met 
witi^ the term **ai}aphylactogfv/* 

An anaphyhicfogen is an ant::,onie substance that is capable of in- 
ducing, in the animal body, p condition of specific hypersensitiveness, 
whicli, through the mediation of the induced antibodies, when these are 
present in the blood of tne treated animal, can be transferred to a 
normal animal. 

This definition excludes from tlie category of anaphylactogens all of 
this non-antigenic cberaieal substances that arc the exciting cause of the 
drug idiosiyncrasies. as well as some of flic active principles concerned 
as exciting agents in the “human sensitizations,” such as those in hay- 
fever and in the idiosyncrasy to strawberry, since these active principles 
seem, also, to be lacking in antigenic property. It excludes, also, the 
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true toxins, for the reasons given in the discussion of toxin hyper- 
sensitiveness (see page 191). 

The anaphylactogens, without exception, are proteins, the experi- 
ments with lipoids, carbohydrates and other non-proteid substances re- 
sulting either negatively or unconvincingly. 

All of the anaphylactogens are proteins whose reactions with their 
specific antibodies are characterized by phase alteration (agglutination, 
precipitation) and also by changes in the medium of the reaction, as 
indicated by the phenomenon of complement -fixation. It happens that 
the antibody reaction of the antigens that are not anaphylactogens, that 
is, the toxins, is not accompanied by either perceptible phase alteration 
or complement-fixation, and this fact possibly accounts for the failure 
of the toxins to induce anaphylaxis. Whether the phase alteration 
of the protein-anti-protein reaction is actually of importance in an- 
aphylaxis is, however, not known. 

All of the attempts to refer the anaphylactogenic function and the 
other known antigenic functions to different elements in the same pro- 
teid material have failed ; indeed, there is strong direct evidence of the 
identity of the anaphylactogenic and the preeipitinogenie elements in 
such material. Furthermore, the precipitinogens appear to be identical 
with the elements that give rise to the complement-fixing amboceptors. 

As the specificity of the reaction expressed by the symptoms of 
anaphylactic shock has been found to agree with that exhibit^*d with the 
other immunological reactions, such as those of specific precipitation 
and complement-fixation, the technic of the anaphylaxis reaction has 
been largely employed in the study of the phenomenon of specificity. 

The question of immunological specificity resolves itself into that of 
the chemical constitution or physicochemical condition of antigenic sub- 
stances. 

As exclusive use has been made of the guinea pig in the study of 
this question the succeeding statements apply only with respect to that 
animal. 

It has been found to be a general requirement of physical state that 
the anaphylactogenic substance be in solution * or capable of dissolving 
in the body fluids after injection. Such anaphylactogens as are -coagu- 
lable by heat lose their anaphylactogenic property progressively under 
the influence of that agent, as more and more of the molccul(*s pass into 
the irreversible gel condition of coagulation.^®^ Tender these circum- 
stances since the sensitizing amount of the anaphylactogens is usually 
but a very small fraction of the quantity required to elicit the symp- 
toms of anaphylactic shock, the heated material loses its power to shock 
the sensitized animal long before its sensitizing property is finally ex- 
tinguished. That it is alone the coagulating effect of heat which de- 
prives the coagulable proteins of their anaphylactogenic property is 
indicated by the fact that this property is nbt affected in non-coagulable 

* By solution, here, is meant, of course, colloidal dispersion, as all anaphylactogens 
are colloidal substances. ^ 

References: (a) 14 , 34 , 81 , 82 , 107 , 134 , 135 , 203 , 265 , 266 . 
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anaphylactogens, such as milk or ovomucoid, hy prolonged boiling. 
The requirement of solubility applies, also, to the formed antigens such 
as blood>corpu$cles, inasmuch as the latter exercise their sensitizing 
function only after they have been dissolved in the tissues of the in- 
jected animal. 

The ana phy lactogenic property is modified or entirely suppressed 
by numerous chemicjal methods and other physical agents; for ex- 
ample, ozoDization/^*^ treatment with osmic acid^*^^ or with ultraviolet 


conversion into acid albumin or alkali albuminate.^*^ The sen- 
sitiveness of the antigenic function to chemical change is seen in the 
fact that it is greatly reduced in even the earliest digestion products 
(►f the original material. Animals that have received injections of 
the material at the stage of the “primary albumoses” are brought to 
only a moderate degi’ee of hypersensitiveness (the tested animals usu- 
ally died after 12 hours), which is the same whether the digestion 
products or the original material is used for the test injection. Thus, 
the deterioration of the antigenic function of the original material 
caused by the proteolysis does not involve a change in its specificity 
that f'ould he interpreted as corresponding with the alteration in the 
chemical structure of the protein molecule. However, it should be 
mentioned Jiere, that Wells, injecting ox serum that had been sub- 
jected to trypsin digestion, observed a more intense shock in animals 
sensitized with the digestion product than in those sensitized with the 
iinciianged ox serum. 

sfuS of the structural basis of antigenic specificity has been 

mentrnf m reaction in the well-known experi- 

ments of Obermaycr and Pick,<«> who found tliat, by the introdnetion 
into the protein moleenle of iodin or the nitro- ’ofdiaL-Sprjhe 
an^ ?-r «P«->fleity was suppressed and was replaced by\ 

' by the substituted chemical group 

but scant 

with the use of the anaphylaxis reaction WitHl! . 1 
tions in the antigenic pn.perty ^r,frreins Vh^ 

result of the chemical procedures ieferi d m ® 

with those produced by the yarions n^Js;! ’ f identical 

methods of treatment mentioned ah. e! ' In shfrt 
the antigenic function was pro.- ressiyelv _ ' exceptions, 

as to its biological specificitv hv fha •*+ iiot affected 

molecule. Sehittenhelm and 8troebef<h) ,£ 0 ^" r 

serum and iodised egg-white with the’,, J J.r . iodized 

reached the confliettag eonelu Jn iryj anaphylaxis, 
and Pick, the iodized egg-white retdL k '^r*?’*"^ Obermayer 
It exhibits an acquired iodin specificitv a. • specificity, yet 

with iodized ox serum. This eomplicatinn ™ by its interaction 

oW-ation that an animal prey^on^ly w ^'d:her 

Bef^eaoe,: tai saa ... 1 T iodized ox serum 
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was killed with an injection of iodized Witte pepton. The authors 
admit the marked irregularity of the results in the treated animals, yet 
they*content themselves with relatively few control tests of the prepara- 
tions employed (22 test animals and 5 eontrol animals). The method 
of passive transfer was not used. 

In view of the conflicting or inconclusive results thus far obtained 
with the technic of the anaphylaxis method, the problem- of antigenic 
specificity cannot be considered as solved by the chemical substitution 
method introduced by Obermayer and Pick. 

On the basis of his study of the ^‘protein poison” discovered by 
him, Vaughan has proposed a theory of anaphylactogenic function, 
which he applies in the explanation of the phenomena of anaphylaxis 
and also of those of infection. Vaughan lias found that from most 
proteins of vegetable or animal origin can be obtained by treatment 
with an alcoholic solution of alkali, a poisonous product, wdiich, accord- 
ing to Edmunds<®> and others, causes symptoms like those of anaphy- 
lactic shock. This protein poison” lacks anaphylactogenic property, 
whereas that function may be detected in the non-toxic residue that 
results from the process employed by Vaughan. The latter observa- 
tion forms the original ground of Vaughan’s theory according to which 
the protein molecule consists of a central, non-specific, toxic, chemical 
nucleus, attached to which are secondary chemical groups that carry 
the function of specificity.* 

The parenterally Ejdministered protein excites, according to Vaughan, 
the production of specific ferments, that are capable of splitting the 
protein molecule at the point of union of the central and the secondary 
groups, thus giving rise to a toxic product, and it is this mechanism 
which underlies the symptomatology of anaphylactic shock. 

The theory of Vaughan is vitiated by a weakness that is inherent in 
the basic observations — a weakness that has been obvious in all of 
the experimental attempts to separate a sensitizing substance from 
an intoxicating substance in anaphylactogens. The theory is dependent 
upon the assumption of Vaughan and Wheeler^^^ that the process 
with which the protein poison is produced causes a splitting of all 
of the molecules in the material subjected to it, and this assumption 
is proved, according to the authors, by their observation that the non- 
toxic residue sensitizes animals against the original protein but not 
against itself. The fallaciousness of such evidence lies in the demon- 
strated fact that the amount of protein required to sensitize a guinea 
pig is but a minute fraction of the amount necessary to intoxicate or 
to desensitize the sensitized animal. The argument should, indeed, be 
reversed ; w^e should look upon the sensitizing property of the non- 
toxic residue as conclusive evidence that intact traces of the original 
material still remain in it. These traces, in the light of the results 
obtained by Vaughan and Wheeler, were sufficient to sensitize guinea 

* Vaughan makes antithetical use of the terms anaphylactogen and antigen, the 
former being applied, by him, only to proteins, the latter only to the true toxins. 

References; (a) 88. (b) 230. (c) 230. 
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pigs, but tliey were not sufficient, in the amounts injected, to desensi- 
tize nor to intoxicate. Thus, the experiments of Vaughan and hk oo- 
workcrs can not throw ^ny light on the structural basis of specificity. 

Eunx,‘»> falling into the same error of interpretation on the basis 
of his observation that a preparation of synalbumose derive^} from 
ox setum sensitized to other (ox serum) proteoses and to the original 
material but not to itself, concludes that the amino-acid group in the 
proteose molecule that is responsible for the sensitization is not the 
same as the one which is responsililc for or necessary to the production 
of anapjiylaefie shock. 


Direct evidence concerning the question of structural specificity 
was sought in the study by Gay and Brailsford Robertson on the 
antigenic properties of ^^globin-caseinatc,'’ which is a compound of 
globin (the histon-like body derived from hemoglobin) and casein. These 
authors found that repeated injections of globin alone into rabbits were 
not followed by the i)roduction of demonstrable antibodies. ^Towever, 
^in the serum ()f animals injected with globin-caseinate complement- 
fixing antibodies were found for both globin and casein as well as for 
these two substances in combination. Gay and Robertson interpret 
these results as indicating that the property of specificity is exercised 
independently by chemical groups in the protein molecule. 

M interpretation must rest on the assumption that the com- 
ffinbm and casein designated by Robertson as ‘^globin- 
bXrne constituents, it should 
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combinations of this kind. The studii 
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to the inteitretation of these experimental results until the nature of 
the-globin-casein combination is clear. 

The Mea ^tigenic specificity re>sides independently in cliem- 
ical grdtps within th^ molecule has been adopted Sy Wells and Osborne<*> 
in thetf study of the antigenic relations of purified vegetable proteins. 
These Jproteins >ere" either chemically related but derived from dif- 
ferent spurees j e;g., gliadin of wheat and rye and liordeiii of barley ; 
or they were cb*smically different but derived from the same source, e.g., 
gliadin and glutenin of wheat. 

The significant* experimental results were as follows : 

(1) Hordein and the gliadins of both wheat and rye interacted”; 
that is, guinea pigs sensitized to one of tliese proteins could be shocked 
by the injection of either of the other two proteins. 

(2) Animals sensitized with one of the two substances, hordein 
or wht^lj! gliadin, and subsequently desensitized to the other substance, ^ 
still retained their hypersensitiveness to the substance used in the sen- 
sitization, and that to only a moderately diminished degree. 

(3) ; Gliadin and glutenin of wheat interacted and, moreover: 

(a)' Animals sensitized with glutenin were sensitive to both of the 
gliadins but not hordein. 

(h) Animals sensitized to glutenin reacted more intensively to ah 
injection of the gliadin of wheat than to one of glutenin j furthermore, 
the reaction of the glutenin-sensitized animal to gliadin was somewhat 
more severe than that; caused by the injection of gliadin into a glia4iU“ 
sensitized animal (compare the authors’ Table 3). 

(c) Animals sensitized with wheat gliadin appear to react some- 

what more ^vigorously to an injection of wheat glutenin than to one 
of wheat gliadin; furthermore, the reaction of the gliadin -sensitized 
animals to glutenin is evidently more severe than that caused by an 
injection of glutenin into a glutenin-sensitized guinea pig. : 

(d) Animals sensitized with wheat glutenin and entirely desensitized 
to the same material appear to remain sensitive to wheat gliadin. 

(4) Animals sensitized with wheat glutenin react vigorously to wheat 
gliadin, though cohsiderably less so to rye gliadin and not at all to 
hordein. On the pther hand, glutenin-sensitized guinea ])igs are par- 
tially desensitized by all three of these substances, the desensitizatioit 
with hordein being quite as marked in degree as that produced with 
either of the gliadins. 

' The main theoretical conclusions drawn by AVells and Osborne from 
their experiments were : 

(i) The specificity of the anaphylaxis reaction is determined hy the 
chemical structure of the reacting proteins rather tlian hy their biologi- 
cal origin. 

(2) It seems probable that the entire protein molecule is not m-^ 
volved in the specific character of the anaphylaxis reaction, hut that 
this is developed by certain groups contained therein and that one and 
the same protein molecule may contain two or more such groups. 

Reference: (a) 270. 
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They say, however, Until we have some means whereby the chem- 
ical individuality of a protein can be established the possibility will 
remain that our so-called pure preparations of proteins consist of 
mixtures, or combinations of proteins which have thus far resisted all 
efforts to separate them/’ 

The second conclusion of the authors (the one under present dis- 
cussion) rests wholly on the b(?lief that each of their preparations con- 
tained only one protein substance. However, the methods of separation 
employed by Wells and Osborne offer, as they admit, no f^uarantee of 
individual isolation of the proteins with wliich they worked. Indeed, 
separation methods based upon solubility relations as applied to, col- 
loidal substances are notoriously unreliable, and it is just such methods 
that were used by tJiese investij^ators. 

The paradoxical results obtained by Wells and Osborne in the cross- 
tests and particularly in the cross-desensitizations appear to be most 
easily explained with the assumption of a mixture of proteins in the 
different preparations. The small amount of gliadin contaminating 
the preparation of glutenin and vice versa is, perhaps, absorbed by 
the larger bulk of the predominating substance, and in that condition 
3t IS physically less altered by the process of purification; the ab- 
sorbed protein may thus have retained an original power of intensive 
sensitization that otherwise is modified by the purification process. 
The minute amount of the contaminating protein is sufficient to senai- 
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to gliadin was not induced in the animals by any component <)f gflu- 
tenin. The phenomena may be satisfactorily cixplained by the assump- 
tion of a gliadin contamination of the glutenin preparation in amount 
sufficient to sensitize but not to desensitize. However, the contradictory 
results of the experiments with the hordein-sensitized animals make 
doubtful the interpretation of the finding that we have just discussed. 

The theoretical importance of the question uivolved makes an ex- 
tension of these experiments appear desirable. 

The preceding review of the experimental facts bearing on the prob- 
lem of antigenic specificity makes those facts appear inadecjuate to a satis- 
factory solution of the problem. 

Active Sensitization. — The process of active sensitizaton depends 
on the previous introduction into the cell-complexes of the body of the 
undigested anaphylactogen and such introduction can be parenteral, 
as by any of the routes of injection (for example, subcutaneous, sub- 
mucous, subconjunctival, subdural, intraperitoneal, intravenous or in- 
tra-ocular), or, rarely, it may be enteral, traces of tlie anaphylactogen 
having, under such circumstances, passed unchanged into the circula- 
tion through the normal or, more often, injured gastro-intestinal mucous 
membrane. In some instances active sensitization in guinea pigs appears 
to have resulted from the passage of the anaphylactogen through the 
intact conjunctival and respiratory mucous membranes. The latter 
observations have offered an explanation of the hypersensitiveness that 
is exhibited by the symptoms of hay-fever. 

The optimal number of the sensitizing injections varies with the 
different species of animal, a single one sufficing for guinea pigs and 
dogs, a more constant result being obtained in the mouse and the 
rabbit by repeated injections. 

The minimal amount of the antigenic substances required for active 
sensitization varies greatly with the different species of animal and 
somewhat also, with the different antigens. Guinea pigs have been ac- 
tively sensitized with as little as 0.000,01 to 0.000,001 c.c. of serum or 
0.000,000,05 gram of crystalline egg albumen. Rabbits require, for 
active sensitization, from 1,000 to 10,000 times as much of the same 
material as do guinea pigs. 

iNCUPiATiox P:^iOD OF ACTIVE SENSITIZATION. — The period of time 
that must elapse after the primary administration of the antigen before 
the condition of hypersensitiveness can be establislied varies with the 
species of animal, the amount of the antigenic material introduced, and 
the route of its administration as well as the method of testing the 
hypersensitiveness. The shortest incubation period observed in the 
guinea pig was 5 days; in the dog hypersensitiveness does not appear 
until 2-3 weeks after a primary injection of 3-5 c.c. of serum. 

The smaller the amount injected into guinea pigs, the longer the 
incubation period ; an interval of 19-25 days is required for the de- 
velopment of hypersensitiveness after the injection of 0.000,1-0.000,01 
c.c. of ox serum. 

Intracerebral injection seems to be followed in guinea pigs, some- 
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what sooner— >7 days — than subcutaneous injection — 9 days — ^by hyper- 
sensitiveness, while in the rabbit the response appears to follow after 
enteral administration more quickly than after any other mode. 

The earliest appearance of the hypersensitiveness can be detected 
with the intravenous test injection; at tliis time intraperitoneal injec- 
tions, in any amount, usually fail to cause symptoms of anaphylaxis. 

The simultaneous injection of more than one antigen in equal amount 
does not influence the incubation period of the active sensitization 
to the different antigens. If, however, a relatively large amount of one 
antigen is injected 24 l)ours previous to the usual sensitizing injection 
of a second antigen, the incubation period for the latter substance 
is markedly increased. 


The duration of the active hypersensitiveness resulting from a single 
injection of horse serum is strikingly different in guinea pigs and in 
rabbits, the latter losing the hypersensitiveiiess after about three weeks, 
the former remaining fully sensitive for years. 

The Test In,jection or “Reinjection.”— This may be made by 
subcutaneous, subdural, intracardial, intraperitoneal or intravenous 
routers, the last two being usually jircferred. The intravenous injection 
m rabbits offers no difficulty; this procedure in the guinea pig requires 
the service of an assistant and it is best performed with the use of a 

I f"''®?"’ ^''® strapped to an inclined 

operatin-t board such as that recommended by Priedberper 

Seii8iti!!ation.-In the blood fluid of animals immunized 
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Positive results: 

Cat 

to 

guinea pig 

Horse 

to 

( ( it 

. Guinea pig 

to 

rabbit 

Chicken 

to 

pigeon 

Negative results : 

Birds 

to 

mammalia 

Mammalia 

to 

birds 

Rabbit 

to 

white mouse 

Guinea pig 

to 

it it 


It is 5 a striking fact that the conditions governing passive sensitiza- 
tion differ radically, in one respect, in the different animal species. This 
difference has to do with the influence of time interval (following the 
transfer) on the sensitization. In the guinea pig, on the one hand, the 
transfer of the antiserum, whether of homologous (of the same species'! 
or heterologous (of a different species) origin, is not followed immedi- 
ately by the establishment of hypersensitiveness, a e(*rtain period of in- 
cubation (4 to 6 hours) being required for the development of that con- 
dition. Passive sensitization, once established in the guinea pig, persists 
for a considerable period, which is much larger after the use of a 
homologous immune serum (60-70 days) than after the use of a heterolo- 
gous immune serum (about 10 days).^*^ In the rabbit and in the dog, on 
the other hand, passive hypersensitiveness supervenes at the moment of 
the injection of the antiserum/^> In the rabbit the passive hypersensi- 
tiveness is of short duration, disappearing, according to Friedmann, 
within 24 hours after the transfer, in the dog it has been reported to 


persist for 20 days.^^^ 

In considering the question of the duration of passive hypersensi- 
tiveness, it must be borne in mind that especially after a large injec- 
tion of the antigen into the prospective donor, the blood of the donor 
may contain not only antibody but also small amounts of the antigen, 
which are specifically unrelated to the circulating antibody. If such per- 
sisting traces of circulating antigen are transferred to the normal ani- 
mal, an active sensitization will be induced and this may occur before 
the passive sensitization has disappeared. ^ n e 

The earliest explanation, which was offered by Doerr and Russ, for 
the latent period of passive anaphylaxis in the guinea pig, was that 
it indicated the period in which the antibodies, on which the sensitiza- 
tion depends, were entering into an essential re a ion VinTnorfll 

cells.f«> However, with the later general acceptance of ^he htimo a 
conception of anaphylactic shock, this explanation e in o ^ * 
it was replaced, for a time, by one designed to p ace P . 

of the latent period of passive sensitization on a 
explanation assumed a qualitative change in the 

which was designated as an -activation.- Later studies demon 

Beferences: (a) 247 . (h) 219 , 155 . (c) 103 . (d) 198 . («) 81- ^ ‘ 

249 , 59 . 
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strateO the incorrectness of the latter view, since it could easily be shown 
that if, at the end of tlie latent period, the blood of the passively sen- 
sitized animal is transferred to another normal animal, the latter, like- 
wise, becomes passively hypersensitive but not without an incubation 
period of exactly the same duration as that of the first transfer. In 
other words, the quality of the antibodies, with respect to the latent 
period of passive sensitization, shows not the least change. Antibody 
**activation” does not take place during that period. 

These studies have, thus, exposed a fatal weakness in all humoral 
conceptions of anaphylaxis, which the followers of such theories have 
made no further effort to eradicate. The results point to the original 
explanation of Doerr and Russ as the only one compatible with the 


^ The events of the latent period of passive sensitization in the guinea 
pig have been studied, with exact quantitative methods, by von Peny- 
vessy and Freund.‘“’ These experimenters determined, with a maximal 
error of 10 per eent., the minimal sensitizing dose of antisera (chiefly 
h^ologons), using guinea pigs of approximately constant weight (about 
• grams) and administering the passively sensitizing serum by in- 
travenous injection. After varying intervals of time followin*^ this sen 
sitizmg injection a number of the animals that had received the minimal 
antiserum were bled to death and the sera thus ob- 
ktTd^fn f ? qiiantity of this pooled senim that was calcu- 

hitf contained, immediately after the sensitizing injection had 

at which it wabbled' trZThi^ previous to thTtime 

the sinsrle 5'o.J ^^antibodirVd^h^^ 

from the fireulation of the inheted anim»] 1 '^'‘h^rawn 

eent. was mi.ssing, and after ‘>4 ' ones n l ’ ^ hours, 40 per 

unit had been withdrawn. a“ ter three dL or’’ 

tized (juinea pig is fully seDsitiVeWhe^I^r^ Passively sensi- 

per cent, of the siugle feij L o 2 
fraction (not more than one-half) Jih! the antibodies, that only a 
single sensitizing dose, enter into the rel^^ «”t''’0'3iea, injected in the 
the anaphylactic shock indueed at that responsible for 

on the well-founded assumption tfat thr'' is based 

uo part m the reaction of anapbylaS eifcent tsJ'® 

Reference; (a) 238 . ’ interfere with it. 
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In explanation of the foregoing observations, von Penyvessy and 
Kreund assume that a certain concentration of the sensitizing antibodies 
in the blood is required to enable the tissues to absorb sufficient antibodies 
for the establishment of a fatal degree of passive sensitization. How- 
ever, the observations may be explained, also, by the assumption, for 
which there appears to be some suggestive experimental support,* of 
more than one sensitizing antibody (precipitin) in antixirotein antisera, 
one of which is endowed with a greater avidity in combining with the 
antigen and is, perhaps, more quickly taken up by the tissues. 

Von Fen^essy and Freund found, furthermore, that if, one hour 
after the injection of one sensitizing unit of antiserum, 40 to 50 per 
cent, of the passively sensitized guinea pig^s blood was withdrawn by 
bleeding, the animal, notwithstanding this calculated loss of 32 to 40 
per cent, of the injected antibodies, nevertheless, became fully sensi- 
tized after the usual period. 

The authors assume, from this observation, that the 20 per cent, 
of the injected antibodies, which they had showm to be removed by 
the fixed tissues from the circulation at the end of one hour, represents 
the whole of the fraction necessary for the sensitization. However, 
since the state of sensitization is not established until five or six hours 
after the injection of the antiserum, it seems necessary to assume, 
further, that the sensitizing antibodies, after they have been removed 
from the blood by the fixed tissues, must be subjected to another change, 
the nature of which is unknown. 

The question as to the relation of the antibodies responsible for 
the hypersensitiveness of anaphylaxis to the antibodies, demonstrable 
with the criterion of specific precipitation, is closely associated with 
the question as to the relation of the anaphylactogenic and the pre- 
cipitinogenic substances. 

That the latter are identical appears to have been clearly established 
by Doerr and Moldovan, who found that both of these functions dis- 
appeared from a quantity of ox serum that was capable of actively sen- 
sitizing 100 guinea pigs when it was mixed with a percipitating anti- 
serum in proper proportions. Weil,^’’^ on the other hand, was able to 
identify anaphylaxis antibody, which he designated with the term ^‘sen- 
sitizin/’ and precipitin by passively sensitizing guinea pigs with the 
washed specific precipitate obtained by mixing a precipitating anti- 
serum with small quantities of the respective antig* 

Other evidence of this association of the two antiprotein antibody 
functions in one substance had been obtained in the demonstration of 
a constant parallelism in the course of antibody production in the rab- 
bit and the guinea pig,^^^ as determined with 'the test-tube and the 

animal experiment. • i i j 

While the uniformly successful passive sensitization with washed spe- 
cific precipitates, in VeiFs hands, permits no further doubt as to the 


This volume, page 140. (See discussion of Weil’s experiments in partial desen- 
sitization (Antianaphylaxis).) -.no /in t no 

Beferences: (a) 78. (b) 256. (c) 264, 83, 138. (d) 7, 9.. 
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identity of precipitin and “seiisitizin/' there are some recorded observa- 
tioiiH that demonstrate certain differences between the function of spe- 
cific precipitation and that of anaphylactic sensitization in the anti- 
protein antibcKliesy as well as some hitherto unexplained discrepancies 
between precipitin and “ sensitizin’’ content of the blood of immunized 
animals. 

Hurckhardt showed that, as compared with the quantitative rela- 
tions of the serum of a {ruiiiea pijr four days after the last antigen 
injection, the precif)itin content remained apparently unchanged until 
after the 14th day, whereas by tliat lime t})e passively sensitizing power 
of the animals blood had distinctly diminished. 

Von Dungern and Ilirschfeld treated a precipitating serum with 
Lugors solution and foinid that whereas its precipitating power was 
only slightly diminished by siicli treatment, its sensitizing power was 
greatly lessened. 


Finally, it has been shown by Weil mat me precipiiating lunetion 
of antiprotoin iUitibodies can be suppressed in three different ways (by 
heating the diluted antiserum for one-half hour at 70° C.; by mixing 
the antiserum w'ith an excess of antigen — prozone; and by extracting 
the a/itif»od.v fnun a specific precipitate with sodium carbonate) with- 
out corresponding suiq)ressi(ui of their sensitizing function. These facts 
invite further study. 

Sinc<‘ the passively sensitising power of an injected animal’s serum 
resK es in the contained specific antiboilies, the amount of such serum 
minired to |»rodiico a certain degree of j)assive sensitization depends 
on the concent rat ion of the antibodie.-;- in it. ^ 

in ilrt oiTth?'' nn jn.i<‘cted animal depends 

lieh Tl T'"’;-' of time within 

'Winh tin iiueidions are privcn. Tims, in a considerable percentage of 

u—v"™,,":;, r: r'™' 

... 

CJ:™":,': ... is.”™ 

is, before the first appearance of ant’r 1“ . •mmnn.zation, that 

imsinction than the nsnal nroee . of ’i effective in antibody 

made at intervals of r^orT:; 

jwtion (for example, 30 c.c.) is siven'tliat theT! i/i i 

he absorbed and eliminated before the altered imin!ri cannot 

of llie antibody-pniduciiiir tissues Ims t.t * ‘mmmiological reactivity 

the effect of antibody prodnetioii will be thrsamras thlt 7 
injection piven after tliut interval. ® repeated 

The conditions governing the nroep^j^j nf 
in the frninea pis and the rabbit, not on Jal to ‘I"” 

tion. to which reference has been made, but also as tr\hfqiutv’^f 
Kefmnecs; (a) 50. (b) 237. (e) 256. Quantity of 
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ilie antibodies required. The quantity of a rabbit *s immune serum that 
is required passively to sensitize a rabbit is relatively much greater 
the minimal sensitizing quantity for a guinea pig. 

In the study of the problems of anaphylaxis in all of its relations 
v'onstant use has been made of the technic of passive sensitization, and 
the most satisfactory combination, in this respect, has been found to 
be the one originally recommended by Doerr and his co-workers, namely, 
the active immunization of the rabbit and the imssivc transfer of the 
antibodies thus obtained to the guinea pig. The advantage of this com- 
bination is twofold; for, on the one hand, the rabbit excels the other 
laboratory animals in antibody production and, on the oilier hand, the 
guinea pig is perfectly adapted to the quantitative study of both antibody 
and anaphylactogen by means of the anapliylaxis reaction. Guinea pigs 
of equal weight that have received identical amounts of a sensitizing 
antiserum present an almost identical degree of hypersensitiveness to 
the respective antigen. That is, usually all will bo killed or nearly 
killed, by the intravenous injection of tlie same minimal amount of the 
antigen. 

Doerr and Russ have proposed tliree methods for the determina- 
tion of the relative concentration of the sensitizing antibodies in immune 
serum. These methods have not been subjected to a sufficient number 
of parallel tests with the same sera to permit conclusions as to whether 
the results obtained with the three methods are always eoneordaiit. At 
any rate, the second jone to be mentioned appears to be available for 
the usual practical purpose of such determination, that nietliod being 
moat commonly employed. 

The three methods are : 

(1) Each of a series of guinea pigs of an average weight of 250 
grama receives an intrapcritoncal injection of 1.0 c.c. of the antiwTum. 
After 24 hours the minimal fatal dose of the anaphylactogen for the 
series is determined by intravenous injection. Under the method, the 
smaller the determined minimal lethal dose of the antigen the greater 
the estimated antibody content of the immune serum. 

(2) A series of 250-gram guinea pigs receive varying amounts (1.0 
to 0.05 c.c.) of the antiserum by intraperitonea I injection and after 24 
hours they are tested with the intravenous injection of a constant larger 
amount of the antigen. 

(3) A constant quantity (1.0 c.c.) of the immune scrum is mixed, 
in a series of test-tubes, with varying amounts of the antigen, and each 
mixture is injected intraperitoneally into a normal guinea pig of 250 
grams weight. After 24 hours the guinea pigs arc tested with an in- 
travenous injection of a constant larger amount of antigen. The smaller 
the amount of antigen with which neutralization of the sensitizing 
antibodies is accomplished, as judged by the absence of sensitization in 
the ^inea pigs, the greater the estimated antibody concentration in the 
tested serum. 

As Doerr himself says, these methods are all arbitrary ; however, 

Reference: (a) 81. 
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they are not more so than the preeipitatwn 

lion of antiprotem antibodies with the erite P 

"Vi 3S “:”™.l.n ot ^ 

tainable with the first method is, perhaps, afforded y g 

“ "’.zlzzrs. 

were killed with the minimal amount of O.O.i c.c. of ff ’ 

mals passively sensitized with 50 per eent. more 
killed with almost eorrespondiiigly (40 per cent.) ' • 

ever, a further increase of OOVi, per cent, m the amount of antaserum 
used for the sensitization resulted in a decrease of 90 per cent, in 
the minimal fatal dose of the antijreii. , 

Aecordinff to these results, it weiild seem to be not permissible to 
estimate the relative amounts of antibody used for passive sensitization 
from the correspondinjr minimal lethal dose of the antigen. 


The Symptoms and Pathology op Anaphylaxis 

The symptoms of the typical, acutely fatal shock of anaphylaxis 
vary markedly in the difTerent species of animals and these differences 
in the symptoms have been found to correspond, in the main, with 
differences in the pathological changes that occur in anaphylactic shock 
in the respective species. 

Acute Anaphylactic Shock in the Guinea Pig.— Symptoms.— The 
sensitized guinea pig that has received a typically fatal intravenous 
injection of the antigen presents the following symptoms: released imme- 
diately after the injection, the animal may be quiet for a minute or 
it may begin, at once, to run about, evidently excited, pausing at times 
to serateh itself on the nose or ears and sometimes discharging urine 
and feces. Within Vj to 2 minutes (sooner, according to Doerr,^^^ in 
passively sensitized animals) the guinea pig coughs with a violently 
convulsive effort several times or jumps convulsively without coughing, 
then staggers alKuit a few seconds with arched body (sometimes with 
elevated nose) , and finally falls over, ro^^'ing violent rhythmical extension 
movements of the back and hind extremities accompanied by similar 
violents movements of tlio inspirat'c-y musculature of the chest, mouth 
and nose. The tracing of the intr.. thoracic pressure during this period 
shows an occasional true eouMdsion. Prom this point, the symptoms 
are purely those of asphyxia, the terminal series of respirations being 
highly ebaracteristic. Th<*se are well described, as follows, by Auer: 
‘‘At first slow and of fair strength, (they) rapidly become swifter and 
weaker, and finally disappear about one minute after their onset — as 
the respirations W'caken the opening of the mouth and the dilatation 
of the nostrils decrease, and they, also, disappear. The order of stop- 
page is first the respiration, then the opening of the mouth and finally 
the inspiratory widening of the nostrils.” 

BefereneOR: (») $48. (b) 76, p. 1060. (p) 22. (d) 21, p. 51. 



ANAPHYLAXIS 


125 


P ATHOLOGY. ^ If the chest of a guinea pig is opened after the. cessa- 
non of the terminal series of respiratory movements, tlic heart is found 
!o be still beating regularly and strongly, though there is present a con- 
tlition of '‘heart-block,’’ the auricles heating two or three times to 
every ventricular beat. The arterial blood presents the dark color of 
t'vanosis. There is no demonstrable interference with the pulmonary 
(‘ireulation. 

The dominant pathological finding is the infiated condition of the 
lungs noted by Gay and Southard and shown, by Auer and Lewis, to 
be the immediate cause of death in acute anaphylactic shock in the 
guinea pig. The inflation not only remains maximal after removal of 
the lungs from the chest but it resists reduction with moderate pressure. 
This condition of the lungs w^as believed, by Auer and Lewis, to be due 
to a tetanic contraction, peripheral in origin, of the smooth muscula- 
ture of the bronchioles (secondary and tertiary) and their explanation 
of the phenomenon has been amply supported by tlie subsequent direct 
demonstration of the hypersensitiveness of the smooth mus(de tissue of 
other organs/"'^ The mechanism of the supposed valve-like action of 
the bronchial closure, which is thought to be aided by a folding of the 
mucous membrane, has not been made clear, though it would seem to be 
a mere expression of the known greater strength of the inspiratory 
musculature as compared with that of expiration. 

The phenomenon of lung-inflation is not encountered in the dog nor 
in the rabbit, thoughjDoerr mentions having occasionally seen a con- 
dition in the latter animal comparable with an emphysema bullosum. 

The production of the lung-inflation in the guinea pig seems to 
be due not alone to the localization of the antibody-antigen reaction in 
the bronchial musculature, since the underlying tetanic contraction of 
these elements is brought about by a number of agents that have no 
demonstrable relation to anaphylactic shock, such as peptone, histamin, 
pilocarpin, barium chlorid, sodium hydroxid, copper sulphate, saponin, 
morphin, oleic acid, acetic acid, colloidal silicic acid and hypertonic 
sodium chlorid solution. As these substances do not cause lung-infla- 
tion in other animals, the guinea pig’s bronchial musculature would 
seem to be particularly susceptible to any irritant. Thus, the absence 
of this symptom in other animals in acute anaphylactic shock by no 
means proves the absence of the irritating mechanism of anaphylaxis 
in the smooth muscle tissue of those animals. That mechanism may, 
though present, be merely unable, in those animals, to produce the physio- 
logical effect that it causes in the guinea pig. 

Acute Anaphylactic Shock in the Rabbit. — Symptoms. — The symp- 
toms of acute anaphylactic shock in the rabbit are most constantly pro- 
duced by the following course of treatment : t^vo injections of one or 
two cubic centimeters are given h.y the subcutaneous or peritoneal route 
at an interval of five days. Three days after the second injection daily 
intraperitoneal or intravenous injections of 0.2 c.c. are made over a 
period of two weeks or more, and five days after the end of this period 

Beferences: (a) 22, p. 171. (b) 213, 15. (c) 217, 215, 216, 67. (d) 76. 
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the test injection of 2.0 c.^. is made into the marginal 

The animal sometimes remains quiet for about two “ii > 
suddenly begins to run about aimlessly until stopped by 
ture, when it falls over, still making running" movements, wi 
thrown backward. After a few seconds the animal becomes quie an , 
with a few short gasps, dies with the eyes in exophthalmos, mere is 
nothing in the behavior of the animal that is in the least ^ggestive 
of the intense dyspnea of the guinea pig which has been afescn e , 
there is no indication, in other words, of any interference with the 
normal passage of air through the respiratory organs. 

The symptoms of the acute shock of anaphylaxis in rabbits may 
lack the initial excitement, its place being taken, sometimes, by a somno- 
lent state interrupted by an occasional starting up. The terminal stage, 
however, is identical with that described above. 

The blood -pressure, unlike that in the dog, rises, at first, moder- 
ately, then, after a minute, it slowdy sinks to a few millimeters of mer 
eury, the heart-beat becoming progressively slower. Loewit found the 
initial rise of pressure to be of central origin, it being missed if the 
test injection was made after section of the spinal cord. 

Pathology. — Corresponding with the diflPerenees in the symptomatol- 
ogy of anaphylaxis in the two animals, the pathological findings in the 
rabbit dying in anaphylactic shock are different from those in the guinea 
pig. If the chest of the rabbit is opened immediately after death the 
right side of the heart is found to be filled with blood, the ventricles 
not beating or boating very weakly and the aiiricles beating, in some 
instances, slowly and regularly.^*^ Instead of being infiated, as in the 
guinea pig, the lungs are collapsed. If artificial respiration is carried 
out, the inflation and deflation of the lungs occur with not the least 
abnormal hindrance. 

Auer called attention to the behavior of the heart in the shocked 
rabbit, pointing out peculiar changes in the consistence of the muscle 
substance of the right ventricle, which were absent in the left ventricle. 
By isolating tlie heart and lungs from central nervous and splanchnic 
influence, Auer was able to prove 1 xi peripheral origin of these 
changes, which he believed to be the immediate cause of death in the 
rabbit. In a later study with Rob:: he suggested a causal re- 

lationship between anaphylactic '{‘^ocesses and heart disease in human 
beings. 

Auer s belief that the heart lesions described by him are of primary 
origin received experimental support in the observations upon the hyper- 
sensitiveness of the isolated heart of sensitized rabbits and guinea pigs.<«’ 
However, more recent experiments indicate that the effects noted by 
Auer in the heart are, in part, secondary to an obstruction qf the 
pulmonary circulation. 

It has been found that, whereas the. normal pulmonary vascular sys- 
tem of the rabbit can be readily perfused with physiological saline solu- 
tion under a pressure of 10 cm. of that solution, the same system of 

Beferenoes: (a) 274. (b) 18, 19. (c) 18. (d) 23. (e) 109, 64, 140, 284. (£) 60. 
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the rabbit dead in anaphylactic shock resists the perfusion of saline 
solution under much gre^tcir pressure, as much as 90 cm., or more}* fail- 
ing, sometimes,, to force tlie least fluid through the vessels. If, in such 
a case, under the maximal pressure, the lung is cut near the pleural 
surface, no fluid oozes from the cut surface. The obstruction is, thus, 
on the arterial side of the pulmonary circulation. A deeper cut allows 
a slow oozing of the perfusion fluid from the cut ends of tlie arterioles, 
a free flow occurring only when the larger branches of the pulmonary 
artery are severed. 

In view of the demonstration, by Auer, of the peripheral origin of 
the symptoms of acute anaphylactic shock in tlie rabbit, tlie assumption 
seems justified that the obstruction in the pulmonary circulation is due 
1o a tetanic contraction of the muscular coat of the pulmonary ar- 
terioles. 

Whether, in acute anaphylactic shock in the rabbit, there is a simi- 
lar spasm in the systemic arterioles has not yet been experimentally 
established. That such a possibility should be considered is indicated 
by the fact that a subcutaneous injection of tlie antigen into the sen- 
sitized rabbit produces a local necrosis (gangrene), which points to a 
local interference with the circulation. Naturally, the systemic action 
of the antigen in the acute shock would depend, in part, upon the amount 
of the antigen that passes the pulmonary arterioles before these vessels 
are completely obstructed. 

The congestion of the liver and the lowered coagulability of the 
blood, which Weil^®^ refers to as occurring in anaphylactic shock in the 
rabbit, would seem to point to a participation of the liver in rabbit 
anaphylaxis. However, the mechanical obstruction to the pulmonary 
circulation, which is constantly demonstrable, offers an adecpiate expla- 
nation of the fall of blood-pressure in the anaphylactic shock in this 
species. 

Acute Anaphylactic Shock in the Dog.— Symptoms.— Previous to 
the appearance of the last contributions of Weil, acute anaphylactic 
shock had been rarely observed in the dog on account of the usual 
employment of a single sensitizing injection. Dogs so treated generally 
recovered from the test injection or died only after several hours. Weil 
found that two sensitizing injections of 5 c.c., the first being given 
subcutaneously, the second intravenously after an interval of several 
(laj^, induced a degree of hypersensitiveness such that the test injec- 
tion of 20-80 c.c. of the serum, given intravenously after a second in- 
terval of several weeks, -regularly caused almost immediate symptoms 
and death within 30 minutes. The symptoms of this acute shock in 
dogs are described by Weil as follows : 

*'The dog immediately vomits or retches, and generally has a number 
of evacuations of the bowels. Within five minutes it begins to stagger 
and to drag its hind legs. Following this preliminary stage comes a 
period of severe collapse, which, as a rule, appears within ten minutes 

Beferences: (a) 26a. (b) 260. 
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of the injection. The animal lies on its side and does not respond to 
any stimulation. Some animals show at first either a fine tremor of the 
muscles of the extremities, or a coarse clonus composed (jf short ex- 
cursions. These soon cease, and the animal is practically immobile, ex- 
cept for the respiratory movements. Respiration is either shallow and 
rapid, or labored, and gives the impression of marked dyspnea. During 
this stage which terminates, usually watliin thirty minutes, with the 
death of the animal, the other characteristic features of anaphylaxis 
make their appearance. The blood pressure sinks so low that the carotid 
pulse can scarcely be detected. If blood is aspirated from the veins, 
it is found to have lost its coagulability to such an extent that it re- 
mains fluid for several days.*’ 


Pathology. — The exclusive importance of the liver in anaphylaxis 
in dogs was established by Manwaring/“> whose conclusions have been 
thoroughly confirmed. It is now known that if the dog’s liver is ex- 
cluded from the portal circulation by means of the Eck fistula the ani- 
mal thus treated does not become sensitized after the subsequent in- 
travenous injection of 1.0 c.c. of egg-white, which regularly sensitizes 
normal dogs. Complete exclusion of the liver from the circulation by 
compression of tlie abdominal aorta and of tlie inferior vena cava just 
below the diaphragm, or, after establishing an Eck fistula, by tem- 
porary compression of the hepatic artery, entirely prevents the pro- 
duction of anaphylactic shock in* sensitized dogs and, furthermore, the 
shock does not develop if the compressed hepatic artery is released 10 
minutes after the injection of the antigen. 

The primary patholop-ical ehanses in acute anaphylactic shock in the 
(log are thus, to be songlit in the liver and they have been found to 
insist chiefly m a congestion of that organ,"' as a result of which 
Wed ealculafed that about 60 per cent, of the entire cxtrahepatic blood 
quota was retained m it."" That the congestion is due to a purely local 
process was shown by Weil by injecting the antigen into a braLh of 
the portal vein, whereupon only that portion of the liver that was snn- 
plied by the selected branch became coneested. ^ 

•.n'l'f "i '’^""‘l-pj'cssiire and the incoagulability of the blood which 

This view was controverted by Pearce and i i 

the occurrence of typical anaphVlactie shock bi‘ the doe 
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vein and the inferior vena cava these investigators found that, with the 
fall of blood-pressure in anaphylactic shock in dogs, the volume of 
kidney, intestine and spleen decreased as .did that, also, of the brain 
and of the right extremity. On the other hand, the volume of the liver 
visibly increased and the abdominal veins became engorged with blood. 
This venous engorgement, which they considered to be due to a ‘‘lack 
of tone. in the vessels of the splanchnic area,” was thought, .by Pearce 
and Eisenbrey, to be a sufficient explanation of the shock of anaphy- 
laxis in this species. 

Weil,t‘^> focusing his attention on the liver as the demonstrated 
I)rimary site of the anaphylactic reaction in tlie dog, believed that the 
accumulation of blood in the abdominal veins \vas merely the result of 
obstruction in the liver to the portal circulation, and he considered this 
effect to be only a contributing cause of the lowered blood-pressure, 
which was mainly due, he thought, to the retention, by the liver, of the 
calculated large proportion of blood referred to above. The actual 
retention of blood by the sensitized dog’s liver after injection of the 
antigen was demonstrated by Weil and EggIcston<‘’> in perfusion ex- 
periments on the isolated liver. 

That the incoagulability of the blood in the dog in anaphylactic 
shock is due to a cellular reaction in the sensitized liver was made 
liighly probable by experiments, also by Weil,<‘'> in which, after the 
establishment of an anastomosis between the carotid artery of a normal 
dog and the portal tein of a sensitized dog, the antigen was intro- 
duced into the flowing blood by injection through the wall of the con- 
necting rubber tubing. 

Whereas, before the introduction of the antigen, the blood, collected, 
after its passage through the liver, at the opening made in the vena 
cava above the diaphragm, clotted in 3 minutes, its coagulation time, 
in one experiment, was increased, after the injection of the antigen, to 
13 minutes. In a second experiment the perfused blood, after the 
introduction of the antigen, lemained unclotted after 24 hours. 

Summary of Acute Anaphylactic Shock. — The foregoing review of 
the symptoms and pathology of acute anaphylactic shock presoited 
by the three species of animal in which this condition has been chiefly 
studied, make it apparent that the plienomoiion of anapliylaxis can no 
longer be looked upon as a single pathological entity, since the mecha- 
nism of the injurious effect of the reinjection is totally different in the 
three species. 

The guinea pig dies, in acute anaphylaxis, of asphyxia brought about 
by a tetanic contraction of the bronchial musculature, wdiich completely 
blocks the passage of air into and out of the lungs. Such effect is absent 
in. both rabbit and dog. 

The rabbit, in acute anaphylaxis, is killed by the complete mechani- 
cal ihfemiption of the blood circulation in the arterioles of the lung. 
This effect has not been noted in either dog or guinea pig. 

In the acute anaphylaxis of the dog, death appears to be due to a 

Beferences: (a) 260. (b) 263. (c) 260, p. 534. 
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sudden accumulation of the greater part calSd ^ obstruction 

liver and in the abdominal veins, die latter being cdusea ny one u 

of the portal circulation in the liver. T>jfr Thp inieetion 

Pro^twi Anaphylactic Shock in the 

produce mild symptoms, which f ^ milder^yCtorT^^^^^^^ 

an appar«>ntly altogether normal state, ^he <tiehar<ye 

of restlessness, erection of the hair, conghmg (or si severe 

of urine and feces, and scratching of the head or y. 
symptoms, though sometimes of sliort duration, gener y P - 

tracted course. These are those of the initial stage of the fatal acute 
shock, the dyspnea not reaching the intense degree seen in . , * 

Up to this point and especially in those animals that reco\er 
from the sublethal dose, the difference between the lethal and sublethal 
shock appears to be merely quantitative. In some of the animals, how- 
ever, the initial acute stage of the sublethal shock is followed by a 
stage of depression characterized by a somnolent state, in which the 
reflexes are maintained, there being no true paralysis. 

It bad been observed that when death did result after the pro- 
tracted form of shock in the guinea pig, as is regularly the case fol- 
lowing the peritoneal injection of a lethal dose, the lungs were less 
inflated than is the case in acute shock.^"^ For this reason the symptoms 
of the stage of depression and the ultimate fatal issue were not ascribed 
1o pulmonary changes, and Dale has, therefore, suggested that the later 
phenomena of the protracted shock in the guinea pig are referable to 
ft mechanism (in the liver) identical with that wdiich underlies the 
similar symptoms in the dog. The notorious risk attached to as- 
suming an identical cause for two similar physiological effects, espe- 
cially when these are observed in different animal species, seems les- 
sened, here, by the statement of WeiP’^^ that in anaphylactic shock in 
the guinea pig the liver actually becomes congested. However, con- 
firming observations on this p(»int would seem desirable and, moreover, 
it should not be overlooked that, according to Auer,^''’ even in sub- 
lethal shock the lungs are always, at least in paU, inflated, and that 
the degree of inflation in barely lethal, protracted shock appears to be 
inversely proportional to the duration of the time interval between the 
test injection and the death of c animal. It seems not impossible 
— there is no evidence to the cc itrary — that even the symptoms of the 
protracted shock in the guincd pig are caused by a slow asphyxia due, 
perhaps, to a complete bronchial closure in a large portion of the lung, 
wdth a partial closure in tlie remainder. 

The protracted shock in guinea pigs is accompanied by a marked 
fall of body temperature, and this symptom has been recommended as 
a reliable, objective, quantitative criterion of the degree of the shock, 
particularly in animals that present no other symptoms, and ultimately 
recover. • . " 

96, P* 162, 45, 
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Injection of smaller amounts of the antigen into sensitized animals 
may cause, instead of a temperature drop, a rise of body temperature, 
which, by , attention to time interval and dosage, may be made, with 
repeated injections, to follow the course of the different known types 
of fever.<®> This phenomenon will be referred to again under the topic 
of infections. 

Pratracted Anaphylactic Shock in the Rabbit.— The rabbit, in pro- 
tracted anaphylactic shock, presents an increased rate of respiration 
and a state of weakness resembling, somewhat, the depression of the 
later stage of the protracted shock in the guinea pig. Death may occur 
after a varying length of time, the animals that survive for days or 
weeks usually presenting a condition of cachexia (loss of weight), which, 
together with local effects that are to be described, has been designated 
as the phenomenon of Arthus. 

It has been found that the pulmonary circulation in rabbits dying 
as late as 43 minutes after the test injection of the antigen (corpuscles) 
presents, as in the acute shock in this species, a mechanical obstruction 
sufficient to account for the fatal termitiation.* This observation sug- 
gests the possibility that the cachexia of Arthus is due to a slightly 
less degree of such obstruction, w^hich persists. Actually, in one in- 
stance of death of a sensitized rabbit occurring several wTeks after the 
lest injection (which had produced immediate severe symptoms from 
which the animal soon recovered), the pathological finding corresponded 
with the anticipated ’effects of a prolonged obstruction to the passage 
of blood through the pulmonary circulation. The lungs were of a 
dark red color and of markedly increased consistence, though not con- 
solidated. The right ventricle of the heart was greatly dilated and 
filled with a mixed red and white postmortem blood clot. The wall of 
the right ventricle was thin, over a considerable area, to translucency, 
and the area of thinning w^as found, on microscopical examination, to 
be devoid of muscle elements. The cavity of the left ventricle was 
contracted. The chest and abdominal cavities -were filled with a clear, 
straw-colored fluid. The animal, at death, presented a marked cachexia, 
having lost a large percentage of its weight since the test injection. 

Protracted Anaphylactic Shock in the Dog. — The protracted shock 
was the first form of anaphylaxis to be studied in the dog, and when 
death resulted, after such a course, the pathological findings differed 
considerably from those of the acute shock studied by Weil. The in- 
tense degree of congestion of the liver that dominates the pathological 
picture in the acute shock is rarely if ever seen in the protracted 
form ; the engorgement of the abdominal veins, on the other hand, is, 
in the latter form, the most prominent finding, this feature being much 
less marked, though present, in acute shock. 

The intense engorgement of the abdominal veins was likened, by 
Pearce and Eisenbrey, to the similar condition noted in the surgical 
shock of human beings— a bleeding into the individual’s own veins”— 

* Unpublished observation of writer. 
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and it was considered by these authors to be due to a local effect on 
those vessels. However, as Pearce and Eisenbrey noted a visible^*' en- 
largement of the liver in the dogs that succumbed after more protracted 
shock, it would seem pi^bable that here, also, the hepatic xfechanism 
suggested by Weil is operative in the causation of the portal stasis. 
Accepting Weil’s well-founded explanation, we can assume, further, 
that, in the protracted shock in the dog, the effect of the reaction on 
the liver has not caused a degree of blood absorption, by that organ, 
great enough to bring about the fatal issue by itself, death, in such a 
case, not supervening until the portal stasis has reached an intensity 
that compensates for the deficiency of congestion in the liver. 

It is convenient, here, to refer to a possible difference between the 
mechanism of the anaphylaxis reaction in the dog and that in the guinea 
pig, which could be inferred from an experiment reported by Man- 
waring. 


It has been found that the function of the mechanism through 
which the antibody-antigen reaction operates to produce the physio- 
logical effect of anapliylactic shock in the guinea pig (that is, the con- 
tractility of smooth muscle tissue) remains intact after recovery from 
such shock. This was early demonstrated by the observation that a 
guinea pig which has been sensitized simultaneously with two different 
antigens and has recovered from a severe shock upon the injection of 
one of these antigens, can immediately he fatally shocked by the in- 
jection of tfie other antigen. Moreover, that function is unaffected 
by the more gradual process of desensitizatiem, since a sensitized guinea 
pig that has been completely desensitized by the suitable administration 
or the antigen can bo, at once, resensitized.^*^^ 

an experiment that has received little attention in 

It h / ,T after a passively sensitized dog 

has beeft shocked by the injection of the antigen it cannot be resensf 

f'*'” if 'breet transfusion of a large quantity (500 cc ) of 
blood from the same sensitizisj dog wbieh had served af donor ft the 
first passive sensitization. The possibility that the fsilnro if 
rcsensitized was due to the presence, in the blood of the experimentl 
dog. of some of the previously iu.ieeted antigen, was exclutd b™ 
fusing the animal with about 650 e.e, of normal dot I fwJ w ^ 
the first injection of the antigen o,. ti.p ”, between 

sitized dog -s blood. ® perfusion with the sen- 

Miunvaring concluded, from this exuprimAnf +ivo+ + 1 , 

by the relations that havf heel fomTwxist hTt'*'' Presented 

ing and anaphylactic shock in the doo * between peptone poison- 
Biedl and Kraus, <'’> who first nnM • •, . 
of anaphylactic shock and of neotone *be symptoms 
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pressure and a condition of le Sabi ty tVttf 
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l)oth, instances-^ound that the sensitized doj? is refractory to the re- 
injection of the antigen if this is undertaken soon after the animal 
lias recoyeiffed from an intoxicating dose of peptone. They reported, 
also, that a previously induced anaphylactic shock in the dog protects 
the animal somewhat against the effect of peptone injection. 

These authors interpret their results as indicating that the shock 
of the anaphylaxis reaction is caused by the formation of toxic digestion 
products identical with those that are present in commercial peptone. 

Weil,^®^ on the other hand, saw, in the mntually protective action 
of peptone poisoning and anaph3dactic shock, merely the operation of 
the principle suggested by Manwaring in explanation of the failure of 
resensitization in desensitized dogs, namely, an exhaustion of the cellu- 
lar mechanism (in the liver) in which the primary anaphylaxis reac- 
tion takes place. 

The phenomena just discussed might be thought to be susceptible 
of another explanation. 

The dog’s liver, after the shock of peptone poisoning and of anaphy- 
laxis, is probably more or less excluded from the blood circulation on 
account of the intense hepatic congestion, which is the chief pathological 
change in both of these conditions, the obstruction to the blood flow 
through the liver being indicated by the marked stasis in the portal 
tributaries. It is conceivable that this partial, teraporarj'^ exclusion 
from the circulation of the demonstrated site of reaction, in anaphylaxis 
and peptone poisoning following either of these processes, might place 
the sensitive tissues out of immediate reach of the subsequently in- 
jected antigen or peptone, w^hereby a local resistance would be only 
simulated. 

Against this explanation, however, stand the obseiwations of Voegtlin 
and Bertheim^'’^ and of Deneke,^^^ showing that tlie complete exclusion 
of the liver from the portal circulation in a sensitized dog by means of 
the Eck fistula does not prevent the subsequent production of anaphy- 
lactic shock by the injection of the antigen, the latter reaching the liver 
in sufficient amount through the hepatic artery. 

Moreover, it is stated by Biedl and Kraus<®> that the insensitiveness 
of sensitized dogs to the injection of the antigen after peptone “shock” 
persists for (at least) 24 hours, after which interval the blood-pressnre 
has returned to normal. 

The conclusion of Manwaring and of Weil seems therefore justified, 
namely, that, different from the sensitive tissues in tlic lungs of the 
guinea pig, those in the liver of the dog, after sustaining anaphylactic 
shock, lose, for a time, at least, their power of responding, in the typi- 
cal manner, to the antigen-antibody reaction of anaph.ylaxis. 

Summazyof the Pathology of Anaphylactic Shock. — The wide differ- 
ences that are apparent in the pathology of anaphylactic shock, in the 
three animal species in which that phenomenon has been chiefly studied, 
seem to depend on the particular susceptihihty of a certain tissue or sys- 
tem of tissues, which is different in the three animals, to irritating influ- 

References: (a) 260, p. 549. (b) 260, p. 548. (c) 231. (d) 71. (e) 38. 
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ences. This is indicated by the fact that various toxic agents cause, in 
the different animals, the symptoms and pathological changes that are 
peculiar to anaphylactic shock in the respective animal. Thus fresh 
normal serum, for example, causes, in the guinea pig, anaphylactiform 
symptoms, the autopsy revealing the characteristic Auer-Lewis lung 
inflation without obstruction of the pulmonary circulation. In the 
rabbit, dead after the intravenous injection of normal serum, the lungs 
are collapsed, as in anaphylactic shock, but, in agreement with the 
pathology of that condition in the rabbit, the pulmonary circulation 
is impermeable.* Tlie influence of the intravenous injection of normal 
serum on the dog is the same, with respect to the coagulability of the 
blood^*^ and to the blood-pressure, as that of antigen in the sensitized 
dog. Moreover, tlie passage of normal ox serum through the isolated nor- 
mal dog’s liver has been shown, by Nolf,<®’ to cause the secretion of 
anticoagulants by that organ as is the case when antigen is passed 
through the isolated liver of the sensitized dog. 

It may be assumed, tlicrefore, that at the reinjection in anaphylaxis, 
the meeting and interaction of antigen and antibody takes place in 
the same tissues in the different animals, but that such interaction in 
the tissues of the guinea pig, tlie rabbit and tlie dog produces, re- 
spectively, a physiological response only in the unstriped muscle of the 
bronchi, and other viscera, the vascular musculature and the tissues 
of the liver. 


Anaphylaxis in Human Beings.— It has become the almost universal 
practice of \yriters in this field to designate as expressions of anaphy- 
laxis the various clinical phenomena which will be considered under the 
subject of all erp— such phenomena as hay-fever, serum disease, food 
idiosyncrasy and even drug idiosyncrasy. 

The idea lhat these phenomena are the result of antibodv-antisren 
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lias been found to be lacking in antigenic property and such property 
is also not posessed by the exciting agent of strawberries m tl.e 
idiosyncrasy to that fruit. The difficulty offered to the anaphylaxis 
theory of drug idiosyncrasy by the fact that the drugs are not antigenic 
substances has not been overcome by the idea of Wolff-Eisner, which 
will be discussed in the chapter on drug allergy. 

Tuberculin sensitiveness has been regarded by some as an expres- 
sion of anaphylaxis, as have, also, the phenomena of eclampsia and sym- 
])athetic ophthalmia and the symptoms of infectious diseases. For all 
of these assumptions proof is still lacking, the experimental evidence 
bearing on them being inconclusive or highly questionable as to its 
application. 

The typical phenomenon of anaphylaxis, in the three experimental 
animals that have been most used in the study of that condition, con- 
sists in the almost immediate onset of symptoms, which quickly end 
in death, following a second ad mini st mi ion of the antigen and, as has 
already been pointed out, the amount of serum that is required to 
kill a sensitized guinea pig is much greater by the subcutaneous route 
than it is by intravenous injection. Tliere is no record of a sensitized 
rabbit or dog having been killed by subcutaneous injection of the an- 
tigen, although such animals have, on innumerable occasions, received 
ordinary injections (2-5 c.c.) of the antigen by that route. 

A review of the reported instances of almost immediate symptoms, 
ending in death in Human individuals following serum injections, re- 
veals the important fact that the circumstances of those occurrences 
were the reverse of those, just mentioned, under which anaphylactic 
shock takes place. In most of the cases the injeciion was a primary 
one and a relatively small one, given by the subcutaneous route. In 
one instance reported by McKeen,^*’^ the amount injected (500 units — 
probably not more than 0.5 c.c.) corresponds wuth about 0.0025 c.c. for 
a 250-gram guinea pig, an amount of serum that is far less than that 
required to i)roduce symptoms in a sensitized guinea pig by subcutane- 
ous administration. It is, thus, entirely unjustified to consider these 
cases as representing anaphylactic shock in human beings. 

There are reported instances of severe general symptoms following 
a reinjection of serum into human beings, the primary injection hav- 
ing produced no symptoms. Such cases simulate the anaphylaxis ex- 
periment, and the possibility that they actually represent anaphylactic 
shock cannot be at once rejected. It may be noted, how'cver, that death 
occurred in only few such cases, the fatal injection being given, in one in- 
stance, by the subcutaneous route, in three others intradurally (30 
c.c.) in the course of cerebrospinal meningitis, in one case intrave- 
nously in a case of pseudoleukeraia complicated with diphtheria, and in 
another case by the intravenous route after a short interval following 
the primary (intramuscular) injection. . . • « 

The number of instances in which the intravenous reinjection of 

References; (a) 61. (b) 158. (c) 86, 222, 52, 142, 157, 114. (d) 122. (e) 105. 
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serum disease and of the food idiosyncrasies have their counterpart, 
both as to the character of the lesions and as to the factor of time- 
interval in their development, in the specific idiosyncrasies to the non- 
antigenic drugs and chemical substances. These latter phenomena are 
certainly not due to antigen-antibody reactions. 

The list of the phenomena of local anaphylaxis is, thus, limited to 
the possible single example of the local hypersensitiveness of Arthus in 
the rabbit. All of the specific local reactions in human beings are to 
be considered under the head of Allergy. 


Antianapiiylaxis 

Animals that have been a(ftively or passively sensitized may, by 
various means, be made relatively more or less resistant to the usual 
test injection of anaphylaxis. Such resistance is quantitatively or quali- 
tatively different according to the manner and means of its production j 
the differences shown are due to differences in the underlying mecha- 
nism and in this respect it is necessary to distinguish non-specific and 
specific forms of the phenomenon. The need of a term to apply to all 
forms of the phenomenon of resistance to, or interference with, the 
injurious effects of ‘^reinjeetiorr’ is met with the familiar designation 
‘'antianaphylaxis,” which was invented by Besredka. 

Non-speeilic Antianaphylaiia.— The fact has already been mentioned 
that if all of a group of guinea pigs of nearly equal weight are sensi- 
tized, either actively or passively, with quantitatively the same prelimi- 
nary injection, it will he found that the minimal lethal dose of the 
anaphylactogen will be very nearly the same for all of these animals. 
It, however, a short time previous to the test injection, some of the 

receive an injection of some material 
other than the corresponding anaphylactogen, such as inorganic salts 
peptone, foreign serum or other proteid substances, such individuals may 
not then sucepmb to the injection of the minimal lethal quantity of 
SuT non determined for the other members of the group 
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tcrval of several hours, to have lost completely its previous hyperseusi- 
tiveness, so that now its immediate behavior toward injections of the 
a naphy lactogen is in all respects the same, as that of a normal guinea pig. 

The difference between this state and that of non-specific antianaphy- 
laxis is clear and it points to a difference in the mechanism of the two 
phenomena. This specific form of antianaphylaxis has been shown to 
be due solely to a specific neutralization of the antibodies situated in 
the sensitive tissues. This is demonstrated by the fact that after a 
sensitized guinea pig has been rendered specifically quite insensitive 
it can at once be passively resensitized with nearly the same minimal 
(juantity of immune serum that is required for the passive sensitization 
of a normal animal. 

The mechanism of this form of antianaphylaxis is best designated 
with the term desensitization, which signifies a complete removal of the 
previous state of hypersensitiveness. 

The specificity of desensitization may be demonstrated, in guinea 
pigs that have been sensitized against more than one anaphylactogen, 
by desensitizing the animal to one of the anaphy lactogens. The ani- 
mal thus treated will be found to be still hypersensitive to the other 
anaphylactogens, though in a slightly lesser degree (non-specific inter- 
ference), as shown by a somewhat increased minimal lethal dose of 
the other anaphylactogens. 

Desensitization can be accomplished not only by subcutaneous injec- 
tion but also through the peritoneal or venous routes. It was early 
noted that animals which had recovered from anaphylactic shock fol- 
lowing intravenous injections were insensitive to subsequent intraperi- 
toneal injection of the usual intoxicating doses of the antigen. Later 
it was found that, by the slow injection of the dilute antigen, complete 
dcsensitizatioiL can be attained through the venous route without the 
production of anaphylactic shock. 

The obvious explanation of the absence of symptoms during the 
process of desensitization has been recognized in the slowness with which 
the antibodies are saturated, the cause of the shock of anaphylaxis 
being seen, conversely, in the sudden meeting of a completely or nearly 
completely neutralizing amount of antigen with the antibody in the 
sensitive tissues. 

Mention has just been made of the insensitiveness of guinea pigs 
that have recovered from anaphylactic shock after intravenous injec- 
tion of nearly lethal amounts of the antigen. Such resistance was found 
to be generally not complete though differing from the non-specific 
antianaphylaxis in that the former is exerted against greater amounts 
of the antigen (5-10 lethal doses) than is the latter (l%-2 lethal doses). 
This ‘'partial desensitization*' was quantitatively analyzed by Weil in 
both active and passive anaphylaxis and with the latter technic the 
following characteristic phenomenon was observed: guinea pigs that 
had been passively sensitized with the minimal sensitizing amount of 
rabbit's antiserum were regularly killed with the minimal quantity of 

Beference: (a) 248. 
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0.05 C.C. of the antigen (horse serum). The minimal lethal dose of the 
antigen for animals that had been sensitized with two to six minimal 
sensitizing amounts of the antiserum was found to be 0.003-0.005 c.c. ; 
but when such sensitized animals were partially desensitized with a 
subcutaneous injection of 0.01 c.c. of the antigen the minimal lethal 
dose of the latter was increased in all cases (that is, in the animals 
.sensitized with 2 or 4 or 6 minimal sensitizing amounts of antiserum) 


to 0.5 c.c. Moreover, in animals sensitized with six sensitizing amounts 
of the antiserum the minimal lethal dose of the antigen was increased 
in the same degree, whether the partial desensitization was carried out 
with the injection of 0.01 c.c. or 0.02 c.c. or 0.05 c.c. of the antigen. 

Two peculiarities are obvious in the.se rc.sults: one is presented by 
the constant increase of the minimal lethal dose of the antigen after 
widely various quantitative combinations of sensitizing antiserum and 
partially desensitizing antipn. The other peculiarity lies in the fact 
that after the least sensitizing injection of the antiserum, the minimal 
lethal dose of the antigen was only one-tenth as great as that required 
to kill any of the partially desensitized animals. 

Since these results show that “antigen docs not depress the reactivity 
of cellular antibody in regular quantitative ratios,” Weil believed that 
the living cell so modifies the antibody that its property of combining 
with antigen is changed from the “quantitative one” of the test-tube 
reaction to a different one, which he set in analogy with that exhibited 
in the Danysz-Dungern phenomenon. According to Weil the precipitin 
reaction in the test-tube takes place according to chemical proportions, 
whereas the union of cellular antibody with antigen occurs according 
to the physical proportions of colloidal reactions. 
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l)lood of such resistant animals contained demonstrable antibodies in 
greater amount than that of ordinarily sensitized animals. 

The first explanation of this resistance was contributed by Weil/®* 
who demonstrated, first, that the resistance is not absolute, since it can 
be overcome with relatively large intravenous injections of the antigen 
and secondly, that it can be imitated by injecting heterologous or 
Iiomologous antiserum into ordinarily sensitized animals previous to the 
test injection. 

The resistance of the ‘‘immune** guinea pig was, thus, referred by 
Weil to the antibodies present in the blood, the injected antigen being 
prevented from reaching the sensitive cells by its reaction with the 
circulating antibodies. 

The protective influence of circulating antibodies was shown by Weil 
to be operative, also, in the process of desensitization.<‘’> Weil found 
that if small but ordinarily desensitizing quantities of antigen are 
injected subcutaneously into passively sensitized guinea pigs that had 
been given large protective injections of antiserum, the circulating an- 
tibodies are found to be entirely “neutralized,” although the uterine 
muscle still remains sensitive. The antigen, slowly absorbed from its 
subcutaneous site, had been intercepted by the antibodies in the blood. 

Weil’s conclusions have been confirmed and amplified by Manwar- 
ing and Kusama,^'^* who found that the isolated tissues (bronchial mus- 
culature) of the immune guinea pig are, actually, more sensitive to 
contact with the antigen than are those of the ordinarily sensitized 
animal. 

Because of the fact, observed by Weil, that, notwithstanding a con- 
siderable quantitative resistance offered to the injection of antigen by 
guinea pigs that had received large preparatory injections of the antigen 
(two cubic centimeters on each of three successive days), the blood of 
such animals contained no correspondingly great amount of antibodies. 
AVeil saw the necessity of seeking some cause for that resistance other 
and, as he came to believe, more important than the protective action 
of circulating antibodies. That cause he assumed to be antigen per- 
sisting in the cells and depressing the activity of the coexistent an- 
tibody. Some support of this explanation was found in Weil’s observa- 
tion that a similar but actually much greater quantitative resistance 
could be produced in passively sensitized guinea pigs by means of par- 
tial desensitization, that is, by the injection of sublethal quantities of 
antigen. 

In order to demonstrate the coexistence of antigen and antibody 
in the cells, Weil passively sensitized guinea pigs with antihorse immune 
serum of the rabbit and after a certain interval he was able, with the 
anaphylaxis reaction, to show the presence, in the uterine muscle, of 
both the injected antihorse antibodies of the rabbit ^ and antirabbit 
antibodies, which had been developed by the guinea pig itself. Weil, 
thus, looked upon the persisting antihorse antibodies as antig^. 
How^ever, there is no evidence in the experiments of Weil that these 

References: (a) 246. (b) 253, pp. 324-329. (e) 156, 
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antibodies have a specific relation to the anti-rabbit antibodies that 
could be shown to coexist with them. Such a relationship would have 
to be clearty proven in order to establish the hypothesis advocated by 
Weil, because the presence of unrelated antijren is known not to cause 
such resistance in anaphylaxis as that observed by Weil in his ** im- 
mune” or partially desensitized animals. 

That the hypothetical factor of persisting intracellular antigen can- 
not explain all instances of resistance in “immune” guinea pigs, seems 
clear from the observation of Manwaring and Kusama, referred to 
above, that the isolated sensitive tissue of “immune” guinea pigs is 
actually more susceptible to contact with the antigen than is that of the 
ordinarily sensitized animal. 


Antisensitization 


Richard Weil, in the course of several publications, described in- 
stances of a resistance to passive sensitization in guinea pigs that had 
received injections of normal rabbit’s serum. This phenomenon was 
later subjected to extensive experimental study, by Weil, who coined 
for it the designation “ antisensitization. The results of Weil’s in- 
vestigations of the phenomenon are as follows: 


(1) The previous injection of rabbit’s serum obstructs the passive 
sensitization with rabbit’s immune serum but not with a homologous 
(guinea pig’s) immune serum. 

(2) The interference is established after an incubation period, which 
18 longer (8 days) after small injections (0.1 to 0.5 repeated) than 
after large injections (1 to 8 e.c.), that is, 4 days. 

(3) The duration of the normal period of hctei^ologito^ssive sen 

situation in guinea pijp is 6 days. If the guinea received 

0.1 e.c. of normal rabbit ’.s serum 2 to 8 days previously the period of 
passive sensitization with lieterologous scrum is shortened to barely 5 
( ays. This period may be shortened, also, by the injection of 0 6 o c of 

“leeSm! passively 

leasUS dlys^**™"*'”'^' condition of “antisensitization” persists for at 

(5) Active sensitization is \xiaffected hv fhn Jt i 

amounts of normal rabbit’s eiimn. ^ iJijeetion of large 

The conclusion drawn by Weil from fho . 

namely, that the phenomenon of *‘antisensiti 7 atioii”irT * 

of anti-antibodies, was strongly 
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nervation that previous injection of sheep’s serum, dog^s serum or 
liuman serum also produced that condition. It was, therefore, appar- 
ently not specific. This difficulty was met by Weil with the demon- 
stration that guinea pigs sensitized to rabbit’s serum are actually hy])er- 
sensitive to large injections of the three apparently unrelated sera. 
The ** crossed” sensitization thus induced, indicated the existence of 
common antigenic substances in all of the four sera, and from this result 
Weil assumed that the ” antisensitization” produced by the injection 
of “unrelated” sera was due to the neutralization of the sensitizing 
antibodies by the “group antibodies’’ developed against the common 
antigens in those sera. 

This experimentally supported assumption conflicts with the ob- 
servations of Ehrlich and Sachs on the action of anti-amboceptor (anti- 
antibody), which they found to be strictly specific. 

However, the latter authors made use of complement as the indi- 
cator of the action of the anti-amboceptor, whereas Weil’s indicator 
was the direct one of the sensitizing effect of the antihorse antibody. 
In other words the results obtained with the two methods need not be 
comparable. 

Theories of the Mechanism op Anaphylactic Shock 

The theories concerning the anaphylactic reaction that were pro- 
posed previous to tli|e demonstration of its antibody-antigen nature by 
Friedmann and Otto possess only a historical interest, having con- 
tributed little to the development of the present views upon this (lues- 
tion. For thip’ reason the discussion of those theories will be omitted 
here. 'V, 

The viSte^^’ the ^present day upon the underlying mechanism of 
anaphylactic g<1^ck diverge both as to the site of the antibody-antigen 
reaction that causes the symptoms and as to how that reaction produces 
the shock. 

The site of the antibody-antigen reaction of anaphylaxis is thought 
to be either the fluids of the body (humoral theories) or certain of the 
fixed tissues (cellular theories). While most of the authors commit 
themselves exclusively to one or the other of these two theories as to 
the site of the anaphylactic reaction, some combine the two theories 
in the belief that certain of the symptoms of anaphylaxis, especially 
those of acute shock, may be due to a cellular reaction, whereas other 
manifestations of the condition (those of delayed shock) are the result 
of a humoral reaction. As to how the antibody-antigen reaction of 
anaphylaxis produces the characteristic symptoms of that condition, 
there are tiyo general divisions of opinion. One of these assumes a 
chemical change in one of the reacting elements (antigen or antibody) 
or in the medium in which the reaction takes place, such change re- 
sulting in the fQrmation of a poisonous substance, which causes the 
symptoms olaaaphjrlaxis. The other group of opinion assumes changes 

References: (a) 89* (b) 102. (c) 187. 
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of a physical nature in the medium in which the antibody-antigen re- 
action occurs, the latter being itself considered to be merely a phase 
alteration in which changes in chemical constitution are not involved. 

Inasmuch as both the physical and the chemical explanations have 
been adopted by the different authors in both humoral and cellular 
theories of anaphylaxis, it is not practicable to discuss the various 
theories eat{?gorica]Iy. 

Humoral Theories. — One of the earliest conceptions of the cause of 


anaphylactic shock assumed the production of a poison, which, at first, 
was supposed to be derived from the antigenic material by a process of 
digestion. This idea has been subjected to numerous variations. 

The antigenic material, the antibody, and the normal constituents of 
the blood have been looked upon as the motiicr substance from which 
the poisonous digestion product is derived. The digestive process has 
been supjiosed to be accomplished by complement cooperating with an- 
libody, by sj^ecific ferments that have been generated under the antigenic 
stii^lus and finally by the normal ferments of the blood. 

The main theory that anaphylactic shock is due to the formation of 
a poisonous digestion product is lacking in direct experimental evidence 
‘ products arise in anaphylactic shock 

in f ^ f ^ observation, 

111 nf '' anaphylactic shock, of a relatively late in- 

remseft tovir'r^' been shown to 
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j, on-antigenic substances (peptone) or of serum from animals' of a 
r-lated race/*^ although serum does not give rise to the condition of 
tniaphylaxis when injected into animals of a related race. Unlike the 
;iiitibodies that carry the function of sensitization, the ferments arising 
iVorn these procedures are thermolabile and they have been shown to be 
quite distinct from the precipitating and agglutinating antibodies.^*’' 
They appear in the blood of injected animals before the condition of 
liypersensitiveness is established and they disappear while that condi- 
tion still exists in full force. 

Vaughan believes that the “specific proteolytic ferments stored up 
in the cells of the animal as a result of the first treatment with the 
proteid remain in the cells as a zymogen until activated by the second 
injection of the same proteid.’*^'*' Such a theory leaves quite unex- 
plained the passive transfer of the sensitization. 

The lack of relationship between the phenomenon of anaphylactic 
shock and the proteolytic ferments that appear in the blood after in- 
jections of foreign protein is clearly apparent in the results of the study 
by Pearce and Williams.^®' Of the important findings of that study 
may be mentioned that proteolytic enzymes could not be demonstrated 
in, the blood of sensitized dogs previous to the test injection, though such 
ferments were found % to hours after the shock produced by that 
injection. 

Independently of yaughan, de Waele and later Biedl and Kraus 
and others, observing that anaphylactiform symptoms and pathological 
changes (acute death, inflation of the lungs in guinea pigs, vomiting 
and diarrhea, incoagulability of the blood and fall of blood-pressure in 
dogs) are produced by the injection of Witte peptone, reached the con- 
clusion that anaphylactic shock is caused by the formation of toxic 
digestion products. 

Aside from the fact that guinea pigs, which are so much more sen- 
sitive to the anaphylaxis reaction than dogs, are so much (100 times 
less sensitive than dogs to injections of peptone, the view of de Waele 
does not explain why the amo\mt of peptone required to kill guinea pigs 
is about 5000 times as great as the smallest lethal amount of protein 
for the passively s^sitized animals.* 

A similar wide discrepancy in the quantitative relationships in the 
dog has been pointed out by Weil in the results of Jobling,^'' who 
found, in the blood of dogs in anaphylactic shock, an increase of non- 
coagulable nitrogen corresponding to about 35 mg. of peptone to 100 c.c. 
of serum. This amount of peptone is less than one-fortieth of the quan- 
tity necessary to kill a dog of corresponding weight. 

More direct evidence of the formation of poisonous reaction products 
in anaphylactic shock was sought by mixing antigen and antibody with 
or without the addition of normal, complement-bearing serum and in- 


*Weil found that 0.00005 gram of crystalline egg-albumen killed guinea pigs 
sensitized with 0.2 c.c. of antiserum; 0.25 gram of peptone is required to kill a 

guinea pig (if the same Weight by intravenous injection. / ^ 70 

References: (a) 4. (b) 13. (c) 6 , 13. (d) 230, see also 229. (e) 191. (±) 72. 
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jecting the mixtures, after incubation, into normal a * ^ 

the investigators who approached the problem of anap y 
way, did so with no preconception as to the nature of p 
the poison formation, but their work may be conveniently considered 
with that of those who conceived that process to be a fermentative one. 

The earlier experiments with mixtures of antigen and antiserum were 
not satisfactory, inasmuch as the toxic action was not intense enoi^h to 
produce the typical fatal shock of anaphylaxis in guinea pigs. Doerr 
and Russ/*^ at last, succeeded, with extended incubation, in securing a 
fatal toxicity of the mixtures and a typical pathology of anaphylaxis 
in the injected guinea pigs. 

Following Friedemann,*^^ who observed the development of anaphy- 
lactiform toxicity in complement-bearing rabbit’s serum during its con- 
tact with specifically sensitized ox-blood corpuscles before the latter had 
begun to be hemolyzed, Friedberger* has contributed a large volume 
of experimental work on the thesis that the hypothetical poison of 
anaphylactic shock is derived from the anaphylactogen after its union 
with the antibody through a ferment action on the part of complement. 
The poisonous digestion product is designated by Friedberger as ‘‘an- 


aphylatoxin. ” 

Aside from its incompatibility with the established fact of the latent 
period of passive sensitization in the guinea pig and the entire absence 
of a demonstrated ferment property on the part of complement, this 
theory has been rendered untenable by the following considerations: 

(1) Typical anaphylactic shock has been produced in animals whose 
blood had previously been completely deprived of its complementary 
function, and, furthermore, an anaphylactiform toxicity has been 
demonstrated in incubated antigen-antiserum mixtures in the complete 
absence of complement. This latter observation is not susceptible of 
the explanation that the toxic property of the, mixtures is developed, 
after their injection, by the rapid action of the complement in the blood 
of the injected animal, because of the fact that such mixtures become 
toxic only after prolonged incubation. 

(2) Anaphylactiform toxicity has ?cn demonstrated in mixtures of 
complement -bearing serum with kaolin or barium sulphate, which had 
been tn-atod with^ immune serum jlone or with inactivated normal 
serum, that is, in tlie absen-'. of antigen, in the first instance, and 
in the absence of both antig^ a and antibody in the latter. 

(d) Anaphylatoxin ’ lias been demonstrated in fresh normal guinea 
pig’s serum that had been kept in contact witli merely a Berkefeld 
filter or with agaiy'*^ or starch^*' combinations that appear far re- 
moved from those which give rise to anaphylactic shock. Friedberger ’s 
explanation of the formation of anaphylatoxin in mixtures of agar\nd 
guinea pig's serum as due to a combination of normal amboceptors in the 
scrum, with a trace of nitrogenous and therefore antigenic substance 


* See index of Ztschr. f. Immunit. for the vears 1909 to 1910 
lO^r 4^ IIt. wm W204. (g)76,p. 
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(which has been demonstrated in the agar) followed by a ‘‘digestion” 
i.\‘ that substance with complement, has been refuted on quantitative 
grounds by Doerr,^*^ who points out that the entire weight of the nitrog- 
enous material in agar, if taken in the most toxic known protein deriva- 
tive — ^histamin, is insufficient to cause symptoms in guinea pigs. 

As Dale says, it can be plausibly argued that the hypothetical 
digestion process, which is supposed to be the cause of the symptoms of 
anaphylactic shock, may occur within the cells, and that under this cir- 
eiimstance the amount of the resulting toxic product need not be large 
enough to be detected with the methods at our disposal. In this form 
Ihe hypothesis is placed outside the range of experimental examination 
except for the important observation of Dale that the curve of the 
specific reaction of sensitized uterine muscle to the antigen is identical, 
in every respect, with that produced by the action of the ready-formed 
proteid poison histamin. This ohservation must stand as an obstacle to 
the acceptance of even the cellular variety of the digestion theory of 
anaphylactic shock, since the ferment action in anaphylactic shock would 
have to be assumed to take place in a manner contrary to that of any 
hnown ferment, that is, with a total lack of incubation period. 

The form of the digestion theory set forth by Jobling,^'’' Petersen 
and Eggstein, according to which there is, during the latent period of 
active sensitization, a progressively increasing power of instantaneous 
“mobilization” of noribally existing ferments at the reinjection, which 
attack the normal blood proteins — chiefly the proteoses — ai)pcars not to 
account for the phenomenon of the latent period in passive sensitiza- 
tion. The same difficulty stands in the way of Bronfenbrenner’s idea 
tliat the normal ferments of the blood are left free to attack the normal 
blood proteins by the mere withdrawal of tlie normally restraining in- 
fluence of the antiferment — “antitrypsin” — which was found, by Job- 
ling, Petersen and Eggstein, to be diminished in anaphylactic shock. 

In a recent series of studies with de Kruif, O. Novy, Tl. L. Novy 
and German, F, G. Novy, disregarding Auer's protest, frankly adopts 
the criterion of physiological action as satisfactory indication of the 
identity of toxic processes. On the basis of this criterion these authors 
assume the production of “anaphylatoxin” in explanation oi the tox- 
icity of precoagulation blood, of normal sera, of agar and of i)eptone, as 
well as in explanation of anaphylactic shock in all species of animals. 
According to Novy and his co-workers, “it may be assumed that a poison, 
in the sense of a chemical entity rather than as a pro])erty of a dis- 
persed state, is produced in the reaction which follows the administra- 
tion of the second dose.” “The results contra-indicate the theories 
of absorption and of proteolysis.” “The specific anaphylactic shock 
Is the result of anaphylatoxin iwoduction, m corporc, conse(iuent upon 
the inducing action of a body which is formed by the union, or othervvise, 
‘>f antigen and its specific antibody.” The mechanisni of the poison 
]U’oduction is thus left by the authors, without analogy in chemistry 


References: (a) 77, p. 345. (b) 66. (c) 124. (d) 47. (e) 69, 70, 176, 177, 178, 
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OeUnlar Theory. — The idea that the antibody-antigen reaction that 
causes the shock of anaphylaxis takes place in or upon the cells of 
the fixed tissues originated with Besredka/*^ who believes that the re- 
action which determines the shock occurs in certain cells of the centra] 
nervous system. It may be remarked, here, that since, in the guinea 
pig, the rabbit and the dog, the pathological changes of anaphylaxis have 
been shown to occur independently of the central nervous system, the 
latter phase of Besredka’s theory, which this author still maintains, 
is evidently untenable. 

The theory of a cellular site of reaction in anaphylaxis, which, at 
first, was adopted by Priedberger and others, was brought into har- 
mony with tlie generally accepted hypothesis of Ehrlich regarding an- 
tibody production, the shock-producing reaction in active anaphylaxis 
being assumed to fake place between the reinjected antigen and the 
sessile” receptors that have not yet been thrown off by the cells that 
produced them. The cellular theory, however, does not depend on the 
survival of the Ehrlich hypothesis, since the refutation of that hypothe- 
sis could not disturb the well-founded fact that antibody production is 
a function of body cells. 

In the brief period of its first general acceptance, the cellular theory 
was adapted, on theoretical grounds, to the various phenomena of an- 
aphylaxis and particularly to those of the latent period of passive 
wnsitotion and to the resistance of ‘‘immunized” guinea pigs: that 
received more than one injection of the antigen 
T*"" by antibody protection). It was the failure of Pried- 
erger to demonstrate the mechanism of the latter phenomenon in 
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standpoint, though with the same end in view, that of testing the sen- 
sir iveness of the tissues after the exclusion of the influence of the 
l irculating antibodies. Manwaring replaced the greater part of the 
blood of a sensitized dog with the transfused blood of a much larger 
normal dog and found that the former remained hypersensitive to the 
antigen. 

The experiments of Schultz were confirmed and extended by Dale, 
Weil and others. Dale,^*^ using exclusively the uterine muscle of young 
A'irgin guinea pigs, made the isolation of the muscle more nearly com- 
plete by a prolonged perfusion, through the abdominal aorta, with 
Kinger^s solution. The results obtained by Dale revealed the same 
wide difference in the response of normal and sensitized muscle tissue 
as are seen after the injection of the antigen into normal and anaphy- 
lactic animals. 

The displacement experiments of Manwaring were confirmed by 
Pearce and Eisenbrey and others,^*^^ and the technic was applied to 
passively sensitized guinea pigs under circumstances in which the cir- 
culating blood of the sensitized animal must have contained less than 
a single minimal sensitizing amount of antibodies, even before the trans- 
fusion was begun, under these circumstances, also, the sensitization 
was maintained in full force. 

The latent period of passive sensitization in the guinea pig has been 
referred to as an unsurmounted obstacle to the formulation of any 
humoral theory of anaphylaxis. The conditions existing in that period 
are serviceable in refutation of the objection on the part of the hu- 
moralists to the interpretation placed, by the adherents of the cellular 
tlieory, on the results of the various perfusion experiments, notably 
tliose of Dale on the isolated uterine muscle. The objection was that 
no assurance could be given that the perfusion of the uterus, as car- 
j’ied out by Dale, actually resulted in the removal from the organ of 
all of the blood and other fluid-containing antibodies. This objection 
derives further weight from the experiments of Larson and Bell,^^^ who 
have demonstrated the incompleteness of the displacement of blood by 
the process of perfusion. 

However, as h£js been intimated, the conditions prevailing during 
the latent period of passive sensitization in the guinea pig are, in them- 
selves, proof of the groundlessness of the objection referred to ; because 
test injections undertaken during that period have shown that no 
amount of antibodies in the circulating fluid alone can mediate the 
reaction of anaphylactic shock. 

Moreover, Wen,^®^ by demonstrating the insensitiveness of the uterine 
muscle of the guinea pig when that tissue was tested during the latent 
t)eriod of passive sensitization (that is, when the residue of blood in 
the isolated uterus was known to contain abundant antibodies, which, 
however, had not yet formed an effective combination with the cells of 
the organ), thus, completed the refutation of the objection. 

The foregoing group of experiments seemed to make the conclusion 

References: (a) 66. (b) 190. (e) 59,238. (d) 139. (c) 252. 
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inevitable that the antihody-antigen reaction of anaphylaxis occurs iv 
or upon the fixed cells of the susceptible tissue, the latter being differen! 
in the different animal species. This conclusion was, finally, established 
by WeiPs demonstration of the protective influence of circulating an- 
tibodies,^^^ which is incompatible with any humoral theory of anaphy- 
laxis. 


The cellular theory of anaphylaxis is, thus, forced upon our accept- 
ance by facts that admit of no other interpretation. In the light of 
that theory, moreover, all of the principal phenomena of anaphylaxis 
become intelligible and there is no phenomenon of anaphylaxis which is 
necessarily at variance with that theory. 

A cellular site of the antibody-antigen reaction must be assumed in 
anaphylactic shock in all of the three animals in which that phenomenon 
has been chiefly studied. In tlie guinea pig, beside the isolation experi- 
ments of Dale and Weil and the displacement experiments of the writer 
and of Penyvessy and Freund, the latent period of passive sensitization 
demand the assumption of a cellular site of reaction. In the rabbit 
Doerr and Pick observed fatal anaphylactic shock upon reinjecting 
the animal at a time when the previously existing circulating antibodies 
had disappeared from the blood. The writer has supplemented this 
observation with a perfusion experiment on the isolated lung of the 
sensitized rabbit similar to that of Dale on the uterus of the sensitized 
guinea pig. After the pulmonary circulation had been washed for five 
minutes with warm physiological saline solution, the antigen (egg-white) 
was injected through the wall of the rubber tubing through which the 
perfusion fluid was being conducted to the pulmonary artery. Within 
one minute after the antigen had reached tlie lungs the pulmonary 
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Furthermore, the assumption of a humoral site of reaction in the de- 
layed shock of anaphylaxis in the guinea pig has been shown, by Weil, 
lo be untenable. Weil found, first, that the delayed form of anaphy- 
lactic shock can be elicited by intraperitoneal injection of the antigen 
into guinea pigs in whose blood no sensitizing antibodies can be demon- 
strated, this observation thus proving that the participation of circu- 
lating antibodies is not essential in the production of delayed shock ; 
secondly, that a reaction corresponding with that of delayed shock 
can be produced in the isolated uterine muscle of the sensitized guinea 
pig hy the gradual addition of antigen to the bath in which the uterus 
was suspended; thirdly, that during the latent period of passive sen- 
sitization, although antibodies are present in the circulating fluids, 
delayed shock cannot be elicited. 

The comparative observations of Dale on the effect of histamin and 
that of the anaphylaxis reaction on the isolated uterine muscle of the 
guinea pig have rendered improbable a ferment nature of the reaction 
that takes place in the sensitive tissues in anaphylaxis. Hence, Dale 
has formulated a physical conception of that reaction, which, for the 
present, must remain purely hypothetical. Dale says, in substance : 

**The effect can probably be accounted for by the mere initiation 
of those changes in the state of aggregation of the colloidal particles, 
which, when antibody and antigen are present in appropriate propor- 
tions and sufficientj time is allowed, result in the formation of a visible 
precipitate. It is' not, however, necessary to assume an identity of 
precipitin and anaphylaxis antibody. If they be identical, as seems very 
probable, it is not necessary that the antibody be present in such pro- 
portion as to give, with antigen, a visible precipitate. All that is 
needed is that the antibody should have such a specific physical relation 
to the antigen that when the two meet, a disturbance of the condition 
of colloidal solution is set up in the muscle fiber.” 

Physical Theory. — There is still to be considered the physical theory 
of Nolf,^®^ who conceives the anaphylaxis reaction as occurring in the 
circulating fluid and as producing, there, a disturbance of the deli- 
cately adjusted ^‘colloidal balance,” whereby a deposit of fibrin on the 
leukocytes and vascular endothelium is brought about. In view of the 
hypothetical nature of this fundamental assumption of Nolf, a discus- 
sion of the application of the theory to the explanation of the various 
phenomena of anaphylaxis may be dispensed with here. 

The inadequacy of the theory of Nolf is evident merely from the fact 
that it presupposes a humoral site of reaction in anaphylaxis. In fact, 
its application to the explanation of anaphylactic shock, particularly 
in dogs, with which animal Nolf ’s observations were chiefly made, seems 
precluded by Deneke’s observation that the exclusion of the liver from 
the portal circulation of the dog, while it does not interfere with the 
production of antibodies, yet prevents the establishment of active sen- 
sitization in that animal. 

References; (a) 257. (b) 67. (c) 174. 
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does not prevent the subsequent production of shock on a reinjection 

of the antigen. 


allergy 


Definition.— Allergy ♦ is a condition of hypersensitiveness in which 
an antibody-antigen reaction has not been shown to be the under ying 
cause of the symptoms that characterize it. 

It will be convenient to designate the exciting agents as allergy with 
the term “Allergen,” * * which was invented by von Pirquet. 

General Allergic Symptoms.— The phenomena of specific hypersensi- 
tiveness that must be associated, in accordance with the proposed defi- 
nition of allergy, are exhibited exclusively in human beings, the few 
similar phenomena that have been noted in lower animals being of doubt- 
ful significance. For this reason the phenomena of allergy have been 
less susceptible to experimental analysis than are those of anaphylaxis, 
with the natural result that our ideas as to the nature of the former 
processes have, for the greater part, been reached through the medium 
of analogy. Repeated uncritical reference, in the literature, to the an- 
alogies, some of which, indeed, are most plausible, between the phe- 
nomena of allergy and those of anaphylaxis, have almost submerged 
the important restrictive criterion of the latter condition: namely, the 
demonstrated antibody-antigen nature of the reacting substances that 
are responsible for the symptoms of it, and those references have served 
only to cloud an otherwise clear and firmly grounded conception of an- 
aphylaxis without, as yet, solving the question of the nature of allergy. 

Allergic symptoms, like those of anaphylaxis — if the local reaction 
of Arthus can be considered as the result of an antigen-antibody reac- 
tion and, therefore, a true symptom of anaphylaxis — are general and 
local, the latter being more frequently observed and more widely studied 
than the former. The local t expression of allergy presents a variety 
of form comprising many of the clinical types of skin eruptions as 
well as subcutaneous edema ao i congestion of mucous membranes, to- 
gether with the physiological consequences of such congestion, such as 


As has already been said, the term * * allergy » ’ was originally used by von Pirquet 
m a sense* corresponding wUli the present one of anaphylaxis, and its application 
was afterward extended by Doerr to include all of the phenomeia of altered reactiv- 
ity whether to antigenic or to non-antigenic substances.^ 

** The proposed use of this term is different from that which its originator had 
in mind, in that von Pirquet applied the word only to antigenic substances, whereas 
the present application of ‘‘allergen must include, also, non-antigenic substaLes. 
H f customary, to consider also the widespread skin erup- 

t^ions that foUow internal administration as a local phenomenon ^ This may be 
done on the apparently good ground that the effect corresponds with that which 
cnuld be produced by the local application of the agent (in the casTof the drua 
idiosyncrasies) to all of the affected areas. ^ ^ ® 
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hypers6cretioii and irritation of the nerve endings present in*the area 
involved. The general symptoms include chill, fever, dyspnea, vomit- 
ing, fall of blood-pressure, loss of consciousness — a fatal issue sometimes 
resulting. 

The allergens are of widely various nature, some possessing anti- 
genic property, many lacking this property completely; some being di- 
rectly poisonous when administered in sufficient amount, such as some 
of the drugs and chemical substances, others being entirely harmless 
to most individuals even when administered in large quantity, for 
example, the horse serum of diphtheria antitoxin, food substances or 
the various pollens. 

It was natural, on the one hand, that the allergic phenomena in- 
duced by poisonous substances should be connected, in the minds of the 
investigators of those phenomena, with the directly poisonous proper- 
ties of the exciting agents and, on the other hand, that the allergy in- 
duced by antigenic substances should be referred to the antigenic prop- 
erty of these substances. As a matter of fact, some investigators have 
believed that the drug idiosyncrasies represent only an exaggerated 
susceptibility to the usual physiological action of the respective agent, 
while the writers on serum allergy are unanimous in their acceptance 
of the explanation of that phenomenon that was offered by von Pirquet 
and Schick : namely, that the symptoms are caused by a reaction between 
the serum antigens and their specifically related antibodies. The former 
of these two ideas; has been already abandoned ; the latter, as will be 
presently shown, is not only not proved but, in view of a large body 
of evidence, may be considered questionable. 

The consequence of this total difference in conception of the mech- 
anism underlying the allergic phenomena of the drug idiosyncrasies 
and those of ** serum disease’^ has been to divert attention from the 
remarkable parallelism between the clinical manifestations of these two 
groups of phenomena as well as the conditions operative in their causa- 
tion, and, therefore, to discourage any suggestion of a possible identity 
of mechanism in both. While there is no direct experimental evidence 
of such identity, it would seem profitable, at least, to entertain the 
suggestion of an identity, based on the recognition of the numerous 
points of similarity between the two phenomena. Moreover, this con- 
ception is naturally to be extended to include consideration of the 
other groups of allergic phenomena, with the same purpose in view. In 
support of this suggestion it may be pointed out at once that no con- 
vincing evidence exists that the allergy to antigenic substances depends 
at all upon their antigenic property. The positive theory of von Pirquet 
and Schick in this respect is based on inference, not on an experimental 
demonstration. 

The arbitrary nature of the classification of the allergic phenomena 
that is now employed is evident in the fact that the exciting agents 
have been grouped according to their relation to human use or to their 
biological origin. Thus, we have ‘‘drug idiosyncrasies,’ hay fever, 
“food idiosyncrasies” (the latter two being grouped under the heading 
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of “htmm sensitizations”), “dermatitis venenata” and “serum dis- 


Before the discussion of the similarity of ® 

taken it will be necessary to review the principal facts r ® • 

Drug Allergy (Idiosyncrasy ). — A drug allergy is i . u 
hypersensitiveness to a drug such that an effect 

acteristic nature is produced by a quantity of the su s , 

for most individuals, lacks appreciable toxic action. . . 

A striking and noteworthy feature of the list of exciting agents 
considered under this category is its heterogeneity, the membership in 
this group being determined not by the criterion of chemical relation- 
ship but by the sole criterion of medicinal use. The list indudes repr^ 
sentatives of the metals (mercury, arsenic), the halogens (bromids and 
iodids), the alkaloids (quinin, morphin, strychnin, belladonna, hyo- 
scyamus, stramonium), methane derivatives (iodoform), coal-tar prod- 
ucts (antipyrin), benzol derivatives (salicylic acid, creosote, salol), also, 
resins, turpentine, sandalwood oil, cubebs, copaiba balsam and other 
drugs. 

The separation of the drug allergies from those due to agents not 
used in medicine has, thus, no reason based on a special constitutive 
nature of the substances classed as drugs, and w’e shall see that there 
are no peculiarities in the clinical manifestations of the drug idio- 
syncrasies sufficient to stamp these as essentially different, in their 
underlying mechanism, from the idiosyncrasies to the non-medicinal sub- 
stances — food or other. The separation is, in fact, upheld chiefly by 
custom and also by a certain convenience to the student of the general 
subject of idiosyncrasy. 

The exciting agents responsible for the drug allergies possess, in 
common, a greater or less degree of toxicity, which is quantitatively 
and qualitatively constant for most persons, a certain small percentage 
of individuals, however, exhibiting a hitherto unexplained tolerance for 
ordinarily toxic doses of the drugs. While this ordinary toxic action 
is constant, in its physiological effect, and, therefore, in the resulting 
objective and subjective symptoms, fc any one of the medicinal agents, 
it differs in the different drugs in a constant and characteristic way. 
The toxic action of mercury, for sample, is characteristic and always 
distinguishable from that of nr rphin, strychnin or the bromids. 

This ** specificity ^ ’ of tlK- normal toxic action of the drugs is not ap- 
parent in the manifestations of their peculiar effects on hypersensitive 
•individuals; witness, for example, the high fever produced in hyper- 
sensitive persons by the antipyretics. Indeed, the most striking and 
significant feature of the clinical manifestations of drug allergy lies 
in the fact that while they present a great variety of form, with minor 
exceptions,* none of those forms is characteristic of any drug nor class 
of drugs. On the one hand, a drqg may cause, in different hypersen- 

•These include the ** fixed pigmented crythema»» reported, hitherto only in the 

the Lrpetic ^ 
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sitive mdividlials, different clinical manifestations, while, on the other 
hand, any Qne of these different manifestations may be produced by 
a number of different drugs. A corollary of this important peculiarity 
of the symptoms of drug idiosyncrasy is the fact that, with the possible 
exception of the acne of bromids and iodids, the ordinary toxic effects 
of the drugs are entirely different from the effects of ordinarily non- 
toxic quantities of the same drugs on the hypersensitive individual. 

The only conclusion that can be drawn from these facts is that 
a drug does not produce its peculiar effect upon the hypersensitive per- 
son through the usual medium of its toxic action, but through a different 
mechanism, which is the same in all of the drug allergies. 

Specificity. — Drug allergy is, to a certain degree, specific ; that is, 
it is exhibited, in most hypersensitive individuals, to only one substance 
or chemical group. This principle need not be altered because of the 
fact that exceptionally an individual is found to be hypersensitive to 
more than one drug,^®^ such a case being, no doubt, an instance of spe- 
cific hypersensitiveness to each of the different drugs. 

The investigation of the specificity seen in drug allergy, unlike that 
of antigenic specificity, has led to the well-founded conclusion that the 
former is often referable, not to the entire molecule of the substance, 
but to a certain element or chemical group contained in it. Thus, the 
idiosyncrasy to the mercurial compounds does not depend on the halogen 
entering into thenpi but to the element mercury ; the allergy to iodoform 
does not extend to the iodids nor to iodin but depends on the methyl 
group, since it is exhibited, also, to some of the chlorin and bromin 
derivatives of methane as well as to di-methyl sulphate and the methyl 
ester of toluene sulphonic acid, whereas the iodin substitution products 
of compounds containing three or more carbon atoms are inactive. An 
iodin hypersensitiveness does, however, exist, it being exhibited to iodids, 
not to the chlorids of the same metals. No hypersensitiveness to potas- 
sium chlorid has been recorded, though chlorate allergy exists. Wechsel- 
mann reports a case of allergy to salvarsan in which neosalvarsan 
caused no symptoms and this author states that similar instances were 
encountered by Gennerich. 

Incubation Period. — In most cases the symptoms of drug allergy 
appear within a few hours after the administration of the drug. There 
are, however, a number of instances of relatively recent record in which 
the symptoms of drug allergy appeared after intervals of from 5 to 20 
days following a primary injection. In such cases a subsequent in- 
jection was usually, though not always, followed by a recurrence of 
the symptoms. In one case the incubation period was missing at the 
reinjection, an ^‘immediate reaction’* occurring. 

In many individuals, after several or even a large number of ad- 
ministrations, none of which have been followed by symptoms of allergy, 
a further administration causes an immediate ** attack, the 
sensitiveness thereafter persisting or disappearing completely. Under 

Beferences: (a) 160. (b) 244. (c) 245, 207, 212, 63, 166, 163, 143, p. 521. 

(d) 212. (e) 207. 
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such circumstances it is difficult or impossiblii W. detera^il^e the ttue 
incubation period of a drug idiosyncrasy, because of the possibility that 
the last dose given before the onset of symptoms was not the one that 
initiated the incubation period. Thus, in Wechselmann’s case of 
bypdrsensitiveness to Fagara flava, which may be included with the drug 
allergies, the cabinet maker was attacked with a dermatitis of the fore- 
arm, face and neck eight days after he had begun to work with that 
wood. During the days of this period the patient had been constantly 
exposed to the influence of the exciting agent in the wood; however, 
this circumstance does not exclude the possibility that the outbreak 
of the dermatitis was determined, in point of time, by the interval 
succeeding the first exposure and, furthermore, that this interval was 
not affected by the subsequent exposures. 

Fever. — Fever, sometimes preceded by a chill, is one of the most fre- 
quent symptoms of drug allergy, being also paradoxically present, in 
marked degree, in hypersensitiveness to the antipyretics, such as quinin 
and antipyrin. The course of the fever has not been given particular 
study. Temperatures as high as 104°-106° F. have been recorded in 
hypersensitiveness to iodids, mercury, salicylic acid and antipyrin, and 
in one instance of quinin allergy the temperature reached 108® F. 

ever is often present without eruption in quinin allergy and some- 
times, ^so, in the allergy to other drugs such as the iodids and mer- 
cury. Un the other hand, the symptom of fever may be absent in the 

There is, thus, no causal relationship 
the fever in drug allergy, these two symptoms 
oei^ due to a cause that underlies both of them. 

Bruption.— The different forms of the eruption of drug allergy are 
too numerous to receive individual consideration here. The most common 
f these are the erythematous, the urticarial, the vesicular, the maculo- 

S mcoX^” * *''* While all of these forms have 

» f another, in the idiosyncrasy to each of 

Lid^n? drugs (for example, chloral, iodids, arseni^ quinin, salicylic 

to ,hi.h to. i„, Cn .S5sr 

ever, the conclusion is by no means warranted thaf +Vio * • n 
cannot be produced by the respective drugs It mav 

whTh'’to^' the missing forms oLtuption to o22 

which for one reason or another, have not been placed on rS 

of prod2;*,^:roVs: ir:;? s: 

the other forms. Thus arsemV poL * exclusion of 

•toti™, toi, b. ,4 pto.yxt'S’pjrS""* 

Reference: (a) 243 . ^ o^upyrin. ^ 



DRUG ALLERGY 


159 


■While ear|r44bBswed that different individuals react' differ- 

ently to drug, Jt was, for a time, believed that the same individ- 

ual always j?eacts in the same way to the same drug.<‘'> This belief is no 
longer held/**^ The form of the eruption does not remain constant on 
repeated administration, nor does the intensity of this symptom always 
remain the same; it may increase, or diminish even to the vanishing': 
point. 

The drug eruptions are generally accompanied by itching. Pruri- 
tus may exist without eruption. 

A peculiar form of eruption, noted, heretofore, only in the allergy 
to antipyrin, phenacetin and salipyrin, is the ‘'fixed pigmented ery- 
thema, ^ ^ which in successive allergic attacks recurs always in the same 
place. This phenomenon was explained in an experimental study by 
Apolant,^^^ who showed, by the local application of the respective drug, 
that the skin at the site of the fixed eruption was hypersensitive, whereas 
the remaining skin surface was insensitive to the direct aetipn of the 
drug. 

The mucous membranes are rarely, if ever, involved by the erup- 
tions of drug allergy, the ulceration of these surfaces reported in opium 
idiosyncrasy being, perhaps, an instance of such involvement. Indeed, 
the mucous membranes have been proven to be entirely insensitive to the 
local application of iodoform in a case of extreme hypersensitiveness 
of the iin to that drug.^®' 

Other SYMPToirs. — Beside the chief symptoms of eruption and 
fever there are other less frequent or, at any rate, less frequently no- 
ticed symptoms in drug allergy, of which may be mentioned edema, 
especially of the face (seen in the allergy to digitalis, opium, chloral, 
antipyrin, salvarsan) ; a local edema or sterile abscess or gangrene occur- 
ring at the site of injection ; joint swelling and swelling of the lymph- 
nodes, 


Changes in the blood-pressure and in the number of the leukocytes 
in the peripheral blood during the “attack” of drug hypersensitive- 
ness have received almost no study. Reran and Saint Girons report 
a distinct lowering of the blood-pressure and a leukopenia after the 
administration of quinin in a case of allergy to this drug. - 

The disappearance of a once established drug idiosyncrasy is a rare 
occurrence and it has almost always happened under circumstances that 
were not in the control of the observer. Lewin, however, states that 
the tolerance which sometimes intervenes in the allergy to the iodids 
is chiefly the result of a “change of dosage.” The condition of toler- 
ance induced by Jadassohn in a case of allergy to mercury bears a 
remarkable resemblance to desensitization in anaphylaxis. The ex- 
ternal application of calomel to the skin caused in the patient a local 
eruption. A subsequent internal administration of a different 
curial preparation produced a general eruption, which, h<wever, did 
not affect the areas previously treated with the calomel. By the ad- 


ReferenceB: (a) 32. 
(6) X?3, 168, 42. (f) 163 


(b) 143, p. 29. (c) 90, p:‘«56. 

'(g) 119. (h) 123. 


(d) Cited by Doerr, 76. 
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minurtration of graduaUy increasing amounts 

was brought, at last, to a state of insensitiveness to mereury however it 

'^lS1;cently reported case of Heran and Saint 
tiveness seems to have been produced, in a cmc o quinm a ^ 
wise at will and with a procedure closely simulating of d^nm- 
tization in anaphylaxis. In fact, the authors wish to identrfy &e re- 
sulting state of tolerance as one of “antianaphylaxis.^ ^ p 

had contracted malaria and the administration of quinin was, there- 
fore, indicated. In this respect, however, a difficulty existed on account 
of an idiosyncrasy to quinin, which had been first noted four years 
previously and again, two years later, when the patient had been given 
that drug. The authors first verified the existence of the allergy by 
administering 0.25 gram of quinin sulphate, this quantity of the drug 
causing a l?epetition of the violent symptoms (dyspnea, general urti- 
caria) that had followed the earlier administrations. The drug was 
then given according to the following plan : 


First day (i.e., the day after the test 
dose had been given) 

Second day 

Third day 
Fifth day 
Sixth day 
Seventh day 


9.45 A. M. 0.005 gram 
11.15 A. M. 0.1 
at first 0.005 
later 0.2 
0.4 
0.8 
0.8 
1.0 


No symptoms followed any of these administrations of the drug and 
the patient was cured of his malaria. 

Heran and Saint Girons conclude that quinin hypersensitiveness is 
actually a condition of anaphylaxis ; first, on account of the resemblance 
of the symptoms to those of anaphylaxis, among which they mention 
a fall of blood-pressure and a leukopenia; secondly, on account of the 
analogy between the process of des isitization by the administration 
of sublethal doses of antigen and their procedure in inducing the tol- 
erance to quinin. The authors « Imit that their attempts passively to 
transfer the quinin hypersensit : v eness to lower animals failed. However, 
they look upon this failure us corresponding with the occasional failures 
of passive transfer in anaphylaxis. 

The importance of the evidence obtainable with the technic of pas- 
sive transfer had already been recognized and a number of experimenters 
had applied this technic in the study of the etiology of drug allergy. 
The first experiments were apparently successful inasmuch as imme- 
diate symptoms were produced by the intravenous injection of the re- 
spective drugs into the animals Tfhich had received injections of the 
hypersensitive individuals’ serum. However, more critical analysis of 
the experiments showed the results to be whoUy unconvincing, chiefly 
Beferenees: (a) 119. (b) 48, 131. 
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l)Ocaiise of the fact that none of the animals died of the imftiediate 
effects of the injection, whereas all of them, as well as all of the control 
animals, died from the ordinary toxic effect of the drug, no difference, 
in this respect, being exhibited in any of the animals. Moreover, the 
‘ immediate ^ ^ symptoms noted in these experiments were in no case 
shown to depend upon the anatomical changes that are regularly found 
in anaphylactic shock. 

Finally, passive transfer of drug hypersensitiveness to animals has 
failed in many hands and even with those who, at first, reported suc- 
cessful experiments. 

In view of the obvious and possibly exclusive importance of indi- 
vidual ** predisposition” in the etiology of drug idiosyncrasy it would 
seem, a priori, unlikely that drug hypersensitiveness could be experi- 
mentally induced in lower animals, and the numerous negative experi- 
ments of Auer and of Lesne-Dreyfus in the attempted active sensiti- 
zation of guinea pigs and rabbits with salvarsan are in harmony with 
this presumption. 

Undeterred either by the theoretical consideration referred to or by 
the published, negative experiments. Swift undertook the active sen- 
sitization of guinea pigs with salvarsan. In his experiments Swift intro- 
duced a slight technical modification, inasmuch as he first mixed the 
drug with normal guinea pig’s serum before injecting it, this mixture 
being used both foi? the sensitization and for the test injection. The 
use of the mixture was based on an assumption that the serum was al- 
tered by the salvarsan in some unexplained way so that it became en- 
dowed with the antigenic property of a foreign” protein. Swift thus 
adopted the theory of Wolff-Eisner as to the nature of drug allergy, 
namely, that the hypersensitiveness is not directed against the drug 
itself but against a modified form of the individual’s own proteins. 
Without attempting to explain the small proportion of positive results 
obtained by Swift, we would point out that in order to elicit the symp- 
toms of drug allergy it is never necessary to mix the drug with the 
individual ’s serum before administering it. 

Wolff-Eisner ’s theory of the nature of drug allergy is opposed first, 
by the fact, pointed out by Doerr,^®^ that its application must be re- 
stricted to the few elements with which a chemical combination of 
proteins is known to be possible and secondly, by the failure, hitherto, 
to demonstrate, with the anaphylaxis reaction, a constitutive specificity 
in such combinations different from that of the original protein. Fur- 
thermore, the theory takes no account of the factor of predisposition, 
which is so evident in the cases in which the allergy is exhibited at 
the first exposure to the drug. 

The localization of the eruption in the cases of “fixed pigmented 
erythema” and particularly the demonstrated insensitiveness of the 
mucous membranes in iodoform allergy has naturally suggested a cellular 
nature of drug hypersensitiveness. Bloch has experimentally investi- 
gated this question by carrying out two Thiersch skin-grafts upon a 

References; (a) 233 , 282,195. (b) 48,131. (c) 16. ('}) 224. (e) 76. (f) 42. 
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surface denuded by a burn, one graft being taken from an individual 
that was hypersensitive to iodoform, the other being derived from a 
normal person. After the grafts were well established on the foreign 
soil iodoform was sprinkled on both of them and kept in contact with 
them by means of a bandage. During the first four days of this con- 
tinuous contact no difference was noted in the appea,rance of the two 
grafts. On the fifth day the graft from the hypersensitive individual 


presented a vesicle formation and in four or five days it became necrotic 
and was discharged. The normal graft maintained a healthy appear- 
ance until five days after the first changes appeared in the other one, 
but then it, also, began to degenerate and was soon discharged. 

Doerr accepts this experiment as indicating the cellular nature of 
the drug hypersensitiveness, without, however, noting the fact that 
whereas the symptoms of idiosyncrasy to iodoform appear within a few 
hours after its application to the skin, the transplanted graft taken 
from the hypersensitive individual in Bloch ^s experiment remained 
tmaffected until the fifth day. It seems, indeed, more probable that 
the changes in this graft were not caused by the action of the iodoform 
but represented the usual course of such grafts, which, as Bloch him- 
self remarks, are, as a rule, discharged within two to four weeks after 
the transplant has been made. In this instance the graft from the hvper- 
sensitive Person was not discharged until 16 or 17 days after it had'^been 
experiment has not been repeated, and the under- 

”• 

Th inheritance in drug allergy has not been investigated. 

Ld to the same drug in paren 

fector eolw Our further knowledge as to iSs 

lue^ TpSenrS^b^'* individual tte 

periods of intenn'+t ♦ ’ m others it develops after varying 

la^r instances 

that the previous exposure, contributed to 

of hypersensitiveness.* The time of onwt t + 1 .^ '®hment of the state 
also^^etermined enti^^^^^^^^^^ may, here 

unpleasant effec^that forLw'thrbjcctl^n oi>servations on the 

the period!TeSninfStt‘‘lr^®7“ ”made‘\ate' 

which the tran^afnrion^ of^^oTofTr^^^^^^^^ 
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was practiced as a therapeutic measure. The first of these observations 
was that of Dallera, who, in 1874, described a general urticarial eruption 
occurring 10 days after the transfusion. As the operation of lamb's 
blood transfusion was only infrequently resorted to, the number of 
the reported instances of such effects was correspondingly small. With 
the advent of antitoxin therapy in 1894 the injection of foreign serum 
became a common practice and immediately the number of the observed 
and reported cases of ** serum disease" was greatly increased. However, 
the authors at the beginning of this period, disregarding or perhaps 
unaware of the earlier observations, believed that the symptoms were 
caused by the antitoxin contained in the serum. This error was quickly 
corrected by Johannessen,^*'^ who produced the same effects by injecting 
normal horse serum. Whether the symptoms that occur after the injec- 
tion of antitoxic sera are ever due to the contained antiseptic has not 
been experimentally investigated. That the preservative is not always 
responsible for the symptoms seems to be proven by the instances ob- 
served in the earlier transfusion period. 

After a large number of cases had been recorded the symptomatology 
was summarized and the question of the frequency of the condition was 
treated in two extensive researches by Hartung and by Daut,^®^ both 
of whom, also, investigated the important question of the incubation 
period in a considerable series of cases. It is convenient, first, to review 
the facts relating to serum allergy from the point of view of their 
presentation in thes^e publications. 

Frequency. — The estimation of the relative frequency of serum 
disease varies greatly in the different recorded series of cases ; in the 
three series of 61, 35 and 26 cases injected by Hager, Bachmann and 
Rumpf, no instances of serum allergy occurred, and in Unruh's series 
of 180 cases, the incidence of symptoms was only 2.22 per cent. ; whereas, 
on the other hand, Heubner, Timmer and Park and Throne observed 
28 per cent., 20 per cent, and 59 per cent, in series of 77, 147 and 100 
injections respectively. Even the estimations drawn from large series 
are far from concordant. In Hartung's series of 2661 cases collected 
from the literature, the incidence was 11.4 per cent. Daut noted symp- 
toms in about 10 per cent. (39 times) of his series of 400 injections. 
The German imperial department of health, on the other hand, reported 
only 8.1 per cent, of reactions in a series of 4358 cases, while Goodall,^^^ 
in a series of 10,000 injections, records as many as 35 per cent, of erup- 
tions, and Axenow,*®^ in a series of 1032 injections, observed 66 per 
cent, of eruptions. 

Incubation Period. — The earlier records of the antitoxin period are 
particularly useful with respect to the question of the incubation period, 
because there could be no reasonable uncertainty as to whether the 
patients had had previous injections of horse serum. 

The incubation period of serum disease following a first injection 
of serum varies from three hours (in one case of Daut s) to 24 days 
(one case of Hartung's). In Hartung's series a notable proportion 

Beferences: (a) 126. (b) 117. (c) 68. (d) HO. (e) 26. 
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(32.8 per cent.) of the eruptions appeared 

days and since a similar proportion of the cases of Heu 

(together 13 out of 42) began to show symptoms 

day, Hartung referred to these as ‘^criticaP^ days, in which the first 

symptoms are especially prone to occur. However, it sou no e 

overlooked here that, in as many as 23.4 per cent, of Hart^g s cases 

of serum disease, the symptoms appeared within the first three days. 

The question of the incubation period in serum allergy 
verted to in the discussion of the theory of von Pirquet and Schick 


regarding this condition. 

Fever. — Elevated temperature, though a frequent accompaniment 
of the eruption of serum disease, is not constantly associated with 
that symptom. In Hartung 's series it was absent in 24 per cent, of the 
cases that presented an eruption. The degree of the fever is^ often con- 
siderable, reaching, in two of Hartung ’s cases, as high as 106 —106.5 P. 
The duration of the fever corresponds, in the main, with that of the 
eruption with, however, numerous exceptions. The highest point of the 
fever may be reached as early as two days before the appearance of 
the eruption, or as late as the eighth day of the rash. However, this 
climax is most common on the day of the appearance of the rash or on 
the day previous to its appearance. In some instances the fever is 
present only on the day preceding the appearance of the eruption, after 
which the temperature remains normal. The course of the fever is 
usually of remittent type, though sometimes it is intermittent. 

Eruption. — The eruption of senim allergy is highly polymorphous, 
different forms often occurring at one time in the same individual. 
The different anatomical forms encountered are the erythematous, the 


intensely itching urticarial, the papular or maculopapular, the vesicular 
and the hemorrhagic. The chief clinical types are the scarlatiniform, 
the morbilliform and the so-called erythema exudativum multiforme. 
The serum eruption is local; that is, occurring about the site of injec- 
tion, or general, involving, symmetrically, all parts of the skin surface. 

Local Eruption , — Generally speaking, the local eruption seems to ap- 
pear earlier than the general eruptiun. In no instance observed by 
Hartung did a local eruption appear later than the 6th day after the 
injection, and 71.4 per cent, of eruptions were present by the 2nd 
day. Baginsky, however, saw a local eruption appear as late as the 
10th or 12th day and in Un» uh’s series most of such eruptions occurred 
between the 7th and the 22nd day. According to Hartung, the local 
eruption is generally unaccompanied either with fever or with subjective 
symptoms. The local eruption is usually followed by a general erup- 
tion. However, according to von Pirquet and Schick, the general rash 
may be missing. A considerable interval of time may separate the ap- 
pearance of the local eruption and that of the general eruption— as 
much as 13 to 20 days in .some ca.ses. 

Qene^l EfupUon.-1\im often appears in “crops” over several 
days. TOere is, also, a distinctly recurrent form of the general erup- 
tion, which may be separated from the first general eruption by a con- 
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slderable interval of time that shows, however, no constancy (5-2! days), 
although in Hartung s collected series a large proportion of the recur- 
rences took place after an interval of about two weeks. 

Mucous Membranes. Very exceptionally the mucous membranes ap- 
pear to be involved in serum allergy. The angina-like changes in the 
throat described by Hartung were not seen in any case by von Pirquet 
and Schick, and the conjunctivitis and rhinitis of Hartung could not 
be referred, by von Pirquet and Schick, to the serum injections. The 
latter authors, however, are inclined to believe that the bloody diar- 
rhea noted in two of their cases, like the diarrhea noted in three cases 
by Hartung, were due, in some way, to the injection of the serum; they 
noted, also, elevated, reddened spots on the conjunctiva during the 
serum eruption in two cases. 

Joints. — Pain and tenderness in the joints occur in serum allergy, 
being Hfound in from 1 to 1.9 per cent, of all injected individuals. The 
metacarpophalangeal joints appear to be more frequently affected 
than other joints. Hartung reports some cases in which swelling of 
the joints was a prominent accompaniment of the pain. Von Pirquet 
and Schick, on the other hand, state that it is just the absence of 
objective joint symptoms that characterizes the painful condition of 
the joints in serum disease. They observed no instance of swollen joints 
in their series. Besides the joint pains there are sometimes observed 
rheumatoid pains in, the muscles. 

Edema. — This symptom of serum allergy, though previously ob- 
served, was given particular study by von Pirquet and Schick, ils extent 
being determined with the method of von Pirquet, which consists in 
estimating the amount of edema from the increase in body weight. 
These authors found that the edema is sometimes associated with al- 
buminuria and they pointed out the fact, which distinguishes the edema 
of serum disease from that of nephritis, that in the former condition 
the edema appears before the albuminuria, whereas in nephritis this 
order of appearance is reversed. The edema of serum allergy is, thus, 
not of renal origin. The edema of serum disease, like that of nephritis, 
affects most commonly the face, especially the eyelids and also the de- 
pendent parts of' the body. It disappears with the other symptoms of 
the condition. 

The albuminuria of serum disease is always slight, according to von 
Pirquet and Schick not over 1/40 per cent. 

Lymph Nodes. — Enlargement of the lymph nodes was noted in serum 
disease by the earlier authors, but von Pirquet and Schick ascribed to 
it a special importance as one of the most constant of the symptoms 
and, furthermore, as useful in prognosis inasmuch as it makes its ap- 
pearance before any of the other symptoms and it is the first symptom 
to subside. The enlargement, which is accompanied by pain and 
tenderness, affects chiefly, and sometimes only, the regional nodes, a gen- 
eral adenitis, however, occasionally occurring. - v i j • 

Leukopenia.— The changes in the leukocyte content of the blood m 

Reference: (a) 117, 241. 
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««nim dwenBc were lirst studied by von Pirquet and Schick, who ob- 
acfved that when any notew’orthy alteration did take place in this 
respect it was always a diminution in the total number of the leukocytes 
at the expense of the polynuclear cells. 

lieREotTY. — Whether heredity is a factor in the etiology of serum 
allcrg)' has not been investigated. Von Pirquet and Schick mention 
an instance of sisters being subjects of serum allergy and they assume, 
in this case, a family diHpo.sition. 

Theouy of the Mechanism op Serum Allergy. — Previous to the 
appearance of the well-known publication of von Pirquet and Schick 
there had been no generally accepted explanation of the phenomena of 
serum disease. 7'he idea that the effeefs observed were due to antitoxin 
had be<‘n dispelled by the experiments of Johannesisen,^*’^ which have 
alreacly been referred to. Other suggestions had been: (1) that the 
eruption is due to a mechanical blocking of the capillaries, either with 
the particles that are sornetimes present in antitoxic sera (portions of 
blood corpuscles, fibrin slired.s) or w'ith clots formed in the patient’s 
blood under the influence of the injected (2) that the erup- 

tion is due to local changes in the tonus of the vessels, and thus repre- 
sents a form of angioneuro.sis,^**’ 


Ilamburger and having demonstrated precipitin formation 

m human beings that have received injections of horse serum, ’con- 
ceived the idea that the symptoms of serum allergy are due to the 
mechameal interference with the circulation by a specific precipitate 
formed, m vivo, by a union of the injected horse serum and the pre- 

'v theory was abandoned akr 
^Mki and Mirhaelis and Oppenheimer •'> had apparently shown 
that specific precipifatea do not form in vivo. 

The study of von Pinpiet and iSchick was devoted to the establish- 
elmwal and experimental evidence, of their theory 
that the symptoms of serum allergy or “serum disease,” as they called 
It. are proiluccd by a toxic substance that results from the interaction 

irs h •'*” »' »"»»■. 


th« these authors consists: first in 

“•’“"'"“’"“.that tl-,. symptoms of serum allergy genewl y 
appear after an incubation prnod, which in n pnTi«;fin,.oKi ^ generally 

of the cases, ends Ixitween the 8th aTid thV 12th dayJ s^^^^^^^^ 

antibody-antigen reaction. ^ ® 


R«fereaeeB: (a) 241. (L) 120 14:1 
(K) 101. 


(*•> IS6. (d) 117, igj 
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It will be instructive to subject the foregoing three points of evi- 
t nee to critical examination. 

Incubation Period after a First Injection.^ln pointing out that, 
,n a considerable proportion of eases, the incubation period following 
a first injection of serum lasts from 8 to 12 days, von Pirquet and 
Schick press two arguments in support of their theory. The first of 
these is the inference that there is a significant regularity in the length 
of the incubation period of serum allergy and the second is that the 
length of this incubation period is approximately the same as that 
which precedes the appearance of specific antibodies after (he injection 
of a foreign serum. If these two arguments could be upheld they would 
offer, indeed, considerable support for the theory of von Pirquet and 
Schick, inasmuch as an antibody-antigen reaction would remain a plausi- 
ble possibility as the cause of serum allergy. 

As a matter of fact, however, both arguments appear to be all too 
weakly founded. 

As to the inference of regularity in the duration of the incubation 
period, it is obvious that such a claim could be made only by altogether 
ignoring a large proportion of the reported cases, since in 24 to 48 per 
cent, of all cases of serum disease the incubation period is of leas than 
8 (lays’ duration, while in about 14 per cent, the incubation period is 
longer than 12 days. 

In an apparent , effort to identify the particular incubation period 
of 8 to 12 days, which they had selected, with that of antibody pro- 
duction, von Pirquet and Schick published the curve of precipitin pro- 
duction as observed by them in a rabbit that had reeeiv(ul an injection 
of horse serum. In this instance, the first appearance of precipitin in 
the animal’s blood was noted on the 9th day, the height of the curve 
being reached on the 12th day. Similar results, in this respect, had 
been obtained by Hamburger and Moro,^*^ who noted the first 4 ippear- 
ance of antihorse precipitin in two rabbits on the Hth or 9th day, the 
antigen disappearing from the circulation at about the same time. 

If it could be shown that in a large proportion of eases the dura- 
tion of the incubation period of serum (lisease (*oincides with that of 
precipitin production in human beings, this observation would be wholly 
unavailable for the explanation of the fact that in some instances of 
allergy occurring after a first injection of scrum there is an entire 
absence of incubation period. Such instances offer, at once, an unsnr- 
mountable obstacle to the acceptance of the theory of von Pirquet and 
Schick. 

With a demonstrated coincidence of the incubation period of pre- 
cipitin production in human beings and that of the usual phenomenon 
of serum allergy, the theory of von Pirquet and Schick could be brought 
into agreement with the instances of recurrent eruption after a first 
injection by assuming that the first eruption marked the appearance of 
the partial antibodies, say, to serum globulin, while the second erup- 
tion could be ascribed to the later appearance of other partial an- 

Beference: (a) 165. 
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tibodiiNi (to aenim albumin or other antigenic con^ituent of 
aerum), Aa a matter of fact precipitin to egg globulin is proauced by 
rabbits earlier than that to crystalline egg albumen.* 

Furthermore, it seems to be actually true that the * recurrent symp- 
toms ^Kfcur only when more than one of the serum components are in- 
jected. The writer, in a study of 1519 injections ** of the isolated 
paeudoglobulin of horse serum (the purified antitoxin of Atkinson-Gib- 
aon aa prepared by tin? Board of Health of New York City), encountered 
8.5 per cent, of eruptions, but among these cases of serum allergy 
129 in all — there was not a single instance of recurrent symptoms. 

However, the theory is embarrassed by the fact that no constant 
relation could be (‘stahlishod betw'ceii the onset of the symptoms of serum 
allergy and the proce.ss of precipitin production in human beings, 
because: 

(1) The symptoms generally preceded the appearance of precipitin, 
often by a ^‘onsiderahle period,'*^ and they sometimes disappeared while 
precipitin and horse serum were still present together in the patient’s 
blood. 

(2) The synifdoms sometimes continued after precipitin was no 
longer <lemonsfrnl)le and they occurred in individuals in whom no pre- 
cipitin production could, at any time, Iw demonst rated. 

We are iiultditcd to (’. W. Wells for an extended study of the 
curve of precipitin productioTj in human individuals. This investiga- 
tor found no constant relation hctwe(‘n the amount of serum in,icctod 
and the imnibation period of precipitin production, nor the duration 
of the period of pre(Mpitin produetion. nor the amount of precipitin 
formation (highest concentration attained by the blood). He also 
showed that the inmibation period, which, in his cases as in those previ- 
ously reported, varied greatly, is sometimes a.s sliort as four days. 

Hiiwever, Wells, in agreement with von Pinpiet and Schick, was 
unable to show’^ a constant eoiiicidcnce of tin* onset of the symptoms 
of serum allergy with either the nppearanee of the precipitin in the 
blood, or the attainment of a higli eonc.eiitration of this body in the 
circulating fluid, or its tlisappearanee Micrefrom. 

Such inconsistencies were met by von Pinpiet and Schick with the 
asaumplioK that the antibodies »*onecrncd in the causation of serum 
allergy are differeiif from pn* .pitin. Such an assumption, however, 
is still lacking in experinumt... support. Indeed, the antibody responsi- 
ble for tin* only other known ‘Sital” antibody-antigeu reaction (the 
reaction of anaphylaxis, with whi<*h, by the way, serum allergy is held, 
by practically all investigators of the subject, to be related) has been 
shown'"' to be indistinguishable from precipitin. 

In explanati<m of the <‘as«*s of serum allergy w’ithout precipitin 


* Unpul>U]ibi*d experiments of tiie writer. 

•• Aaiiiwl<!dBa..ot is duo Dr. Williun, H. P,irk and Dr. H. J. WUson for permi.- 
tlMjni^^NVw^Yotk f™® ‘h® mords of the Willard Parker 

”®^*tooeeo; (a) lid: 16 days in one rase of Hambnriror and More om 

pp. 106, 116, 141. (0) W, 268. (d) 268. (o) 78, 1.18, 256.% p.^Ml ' ' ’ 
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tjroduction the authors remark that the “ vital** reaction of serum dia- 
base is a much more delicate criterion of the processes of immunity 
.n the body than is the test-tube experiment* However, a seriims difil' 
i iilty is offered to such an explanation by the numerous cnsen in which 
precipitin production without allergy follows the serum injection**'"' 

It is true that a plausible explanation of the instances (»f precipitin 
production without allerpy may be based on the jiossibility, disetissed in 
the section on anaphylaxis,* that the antibodies responsible for the 
condition of anaphylaxis are not of <uie quality. It could be assum*^!, 
on this basis, that the precipitins supposed to be coneerned in the 
causation of serum disease are of a peculiar quality that is possess^nl 
in less dejrree by other precipitins, and that it is these latter less active 
precipitins only which are found in the cases just referred to. 

However, this explanation stretches the aualoiry of the rotiditirms 
in anaphylaxis too far beyond the facts of th<»se c(mdi1ionH. Actually, 
the content in sensitizing antibodies of immune sera that have Iwn 
produced with relatively few injections has l)e<*n found to be rofistnnthf 
parallel with their precipitin content, the latter beiiur determined wdtli 
a method identical with that used in the examination of human sera — 
a method which does not distinf?uish preeijutins of different qualities. 
Xo instance is known of a distinctly j)reeipitatinsr serum that, when 
obtained under the usual circumstances and used In a fresh condition, 
lacks corresponding sensitizing power; in other words, the precipitin 
f)f the lesser sensitizing pow'er never appears unnceompaniefl by the 
precipitin of the greater sensitizing power. 

In their recent publication upon the relation of circulating antibodies 
to serum di.sease, Longcope and Rackemaii conclude that no precipi- 
tin nor “anaphylactin ’’ is formed in humarj individuals that an* not 
subject to serum disease. Tliis conclusion, however, is drawn fron) the 
ncG-ative results of the examination of o?dy three sueli individuals wdth 
each of the two methods. These few negative findings ean carr>' no 
weight against the positive results obtained by Francioni in four of 
his injected cases that did not develop serum disease, and espeeially 
against the 18 similar cases reported in the painstaking study of (\ W, 
Wells. <•*> 

Longcope and Kackeman found that, in M»me of their eases, recov- 
ery from the symptoms of the serum allemy was preceded by the 
appearance of antibodies in the blood and, on tin* basis of this ob- 
servation, they concluded tliat the disease is terminafed hv the ncufrali' 
zation of the circulating antigen (horse serum ) by tin* aiitibo<ltes. Here, 
also, the authors^ conclusion appears to rest on insiiffieient evidence, 
since von Pirquet and Schick,'*^ Franeif»iii, l.emaire and also C. 
W. Wells report a number of instances of senint disguise in which 
the possibility of such a mechanism must he excluded, the antil)o<3ies 
either disappearing before the ces.sati<»ii of the symptoms, or appearing 


* This volume, page 140. 

Bef erenees ; (a) 94, 268. 
(g) 268. 
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only after a coiiHiderable inten^al following the subsidence of the symj.. 
toms, or being at no time present, as in two of the cases reported ly 
I^ongeope and Kackeman themselves. 

The (liflfSenlties involved in the theory of von Pirquet and Schick 
would not he entirely removed even if a constant relation could be 
demonstrated hetwe<*n the symptoms of serum allergy and the presence 
of antilKulies in the blood, because the sudden onset of the symptom^} 
of senun disease is in disagreement with the gradual rise of the curve 
of antibody production, in human beings, from an initial low concen- 
tration, as s(‘en in the cited study of P. W. Wells. 

Ineuhatum Period afier a Reinjection , — Von Pirquet and Schick 
formu)af<*t1 th(‘ general principle that, owing to the altered reactivity 
of the irKlividual’s tissues, which liad been brought about by the primary 
serum inject i(ui, the second injection is followed, more quickly, by the 
specific response, on the part of the tissues, that is responsible, as they 
believe, for the development of the symptoms of allergy. As the au- 
thors pointed out, this principle deriverl an important significance from 
the analogous observation of von Oiingern that the incubation period 
of precipitin formation is regularly shorter after a second injection of 
the then it is after a first, injection. The allerRy developinff 

desLn "■ menbaf on period following a reinjection of serum was 
desiRnated by von Piniuet and Schick as an "aecHerated reaction." 

a I md fn ieir ^«rtber sreneral principle that if 

flmt in L i, n " K'ven dnrinR the period followinj? the 

thTsvZnZor.r «'•« ***«' in the individual, 

S Ttds Is '■ir incubation 

rt T'l'* 'iesisrnated the "immediate reaction." 

rrHH: FPf ■ “ = - 

.linte reaction” overCsI"^.': that of 

wliich bepins at tlie end of the M the- accelerated reaction,” 

that individuals reinj^te^J hXei^n 3 T I'V 
first injection miplit pre.seoi both an months after the 

“accelerated reaction.” Aetiiallv v™ .™™‘^i"'te reaction and an 
such cases of “double reaction ” ‘ ^ 

dcscriwdTevliftr*;:;;*;:^^^^^ 

I, did „ .w, .ri *;c,rsrd.rE‘', r; • 

the “critical days” in the incubation after a fiesi f ^ ^ before 
authors’ series of cases, therefore the iuenhnf *^0®ction. In the 
allcTw- was prcnerally shortened after the reinjeZZ*^''*! 
t.0„ . IS to be noted that in Daut. serie: Jronl'^rZp-' 

Reference: (a) 236, p. 88. ^ ^ 
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ins appeared in only one instance previous to the eighth day, while 
,, one of these ca^s the period of incubation was as long as *16 days, 
hi the series of reinjections reported by Goodall there are. also, sev- 
, ral instances (eases 43, 56 and 81) of serum rash following a primary 
]»ijection in which the reaction that resulted from the reiujeetion could 
fint be considered as an accelerated” reaction, since the incubation 
period in the three cases following the reinjection was respectively 
(). 8 and 7 days. 

However, the other observations of Goodall. taken logetlu'r with thost* 
(»f Currie, confirm the rule laid down by von Pirquet and Schick 
insofar as they demonstrate in general a shortening of the incubation 
period at the reinjection. This is indicated by the following facts: 
Currie, in a considerable series of cases, showed that a reinjection 
undertaken within 10 days of the first injection exerts no influence 
upon either the normal incubation period, or the rash freciuency, or 
the duration of the rash. In GoodalPs series of 90 cases. 41 developed 
a rash following the first injection of serum and of these only three 
presented an incubation period of less than 5 days. On the other 
hand, a reinjection of the entire series was followed, in 30 eases, by a 
rash that appeared between the 2nd and 4th days after the administrU' 
tion of the serum. 

Thus, it seems beyond doubt that in a large proportion of rein* 
jections the incubation period is shorter than tliat following a primary 
injection. However, this effect is not always observed and, further- 
more (it is important to bear in mind), ihe effect is b?/ no means shoum 
to he dependent on any immunological process. Caution against such 
an interpretation is urged by the fact that a similar phenomenon has 
been observed in the allergy produced by non-antigenie drugs. 

The interpretation placed by von Pirquet and Schick upon the “im- 
mediate” reaction following a reinjection, as due to the presence of 
the antibodies that were induced by the first injection has not been 
supported by experimental study, and it would seem to lie placed in 
question by the observation of Goodall that not any of the 22 indi- 
viduals who were reinjected previous to the 35th <lay following the 
primary injection responded with an “immediate” reaction, although 
such reaction occurred in 16 individuals that were reinjected between 
the 35th and the 79th days after the primary administration of serum. 
It seems very unlikely that antibodies persisted in th<*se 16 individuals, 
although in all of the 22 individuals the antibodies must be assumed, 
according to von Pirquet and Schick, to have disappeared at an earlier 
period. 

It is clear from the protocols of von Pirquet and Schick as well as 
from those of other observers that an “immediate reaction sometimes 
results from a first injection of serum and that it cannot, therefore, be 
always due to the presence of specifically induced antibmlies. Such cases 
are analogous to those of drug allergy in which the symptoms occur 
immediately, or within a few hours after a first administration. 

Beferences: (a) 110. (b) 64. 
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It is #lflo demonstrated in Case 2 of their ** experimental*' Series 1 , 
page 80, that the reinjection of an individual, who has already responds 1 
with allergic symptoms to an injection given 20 days previously, nee I 
not result in either an “immediate reaction** or an “accelerated rea •- 
tioii,“ Actually, the reinjection caused no symptoms at any time. 
For this interesting ease the authors have, they state, no explanation, 
and the embarrassment presented to their theory by the case is, nat- 
urally, not relieveci by the siibsequcnt observation of eight such cases 
by Ooodall.*** Such eases have, indeed, no explanation within the limits 
of the theory of von Pirquet and Sehick, but they have a perfect an- 
alogy in the experience of others with the allergy to the non-antigenic 
drugs.* 

The interpretation placed by the Vienna investigators upon the “im- 
mediate reaction" following a reinjection of serum is, thus, an alto- 
gether unsupported inference that can hardly be brought into agree- 
ment with certain reported observations. 

K “;i.o«ble reactions” of von Pirquet and Schick, consisting of 
both the immediate” and the “accelerated” reaction, must be looked 
npoa as identical with tbc “recurrent” reactions, which had already 
^en described by several observers/"' Certainly, there is no criterion 
?n "/ r"'' ‘ si-bitrary one contained first, 

SehieV. wcurrences, in von Pirquet and 

fact that the time interval between the appearance of the primary 
Md the recurrent symptoms in the previously reported ea^s was 

?ddck!°”**‘’ “ 

obse^od^^ollow «“thors were 

. 1 , . ™ injections of scrum and the time interval L 

tween the two eniptions varied from r.y. a ^ . interval be- 

cases, fo as much as 19 or 21 days as in ^ 

Hartuiiff Th*> nrimnv.v 4 * instances reported by 

More recently Qoodall <•> has reported . . , 

tions, both occurring after a reini - Jon iff ,eni^ 1 ^ 0 “ 

Hons appeared on the first, thud and seven7rd« J ^ 

eaae they occurred on the second 

the reinjection days following 

diatinct period^^oS^g 

“scarlet fever serum.” Of the 683 eases t. n* Moser’s 

•lletgy, 10 per cent, suffered a trinlf serum 

quadruple eruption. * ®'^'P*'“" “d 2.3 per cent, a 

As hM already been said, the recurrent 
due to the presence, in the injected whole hom^^™ “*7“” 

» « »..■ », m, m. » 
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, ^ chemically defined substance. This is indicated by the fact that, 
..isereas, of those exhibiting serum allergy following a single ordinary 
;!ijection of whole semmy about 6 per cent, present a recurrent erup> 
ta>n, not a single instance of recurrent eruption o<*curred in 129 eases 
uf allergy caused by the injection (in some instances repeated) of the 
i M)lated pseudoglobulin of horse serum. The ‘ ‘ double reaction ’ ’ of serum 
allergy would seem, thus, to be the clinical expression of a double 
allergy to two chemically different allergens in the serum, the reactions 
to which may be synchronous, overlapping or separated by an interval 
of time. 

The triple reactions of Goodall, as well as the triple and quadruple 
reactions of Axenow, are susceptible of a similar explanation. 

There is, finally, to be considered the third point of clinical evi- 
dence presented by von Pirquet and Schick in support of their theory, 
namely, the local edema, which they look upon as a speeiiie phenomenon 
— one due to the local reaction of specific aiitil)odies and the reinjected 
antigen. This hypothesis should limit the occurreuee of the phenomenon 
to a second or further injection. However, the authors n‘port an in- 
stance of local edema occurring after a first injection. Von Pinpiet 
and Schick explain this instance as due to the large quantity of serum 
which was injected; they recognize as “specific edema” only that occur- 
ring after the injection of small amounts of serum (1-10 c.c.). On the 
other hand, they admit that in numerous tjuses the local n.*aeti(>n fol- 
lowing a reinjection of this small quantity canriot he distinguished 
from that caused by a first injection of a like amount. In one of their 
cases necrosis occurred about the point of reinjection of the scrum. 
L<t,'al edema does not alw^ays occur at the reinjection of Hcrum, even 
in those that are subject to the other expre.ssions of scmin allergy. 

These local phenomena of serum allergy, also, find their analogies 
in the allergic effects of drugs at the site of tlicir injection, in ordi* 
narily non-toxic dose. Here, too, have hecn noted local edema and necro- 
sis as a part of the expression of allergy to the drug. 

Beside the several already enumerated iiiconsisleueies that make the 
clinical phenomena of serum allergy' uncomfortahlc to the antibody-an- 
tigen theory of von Pirquet and Schick, there is other elinical evidence, 
much of which has been referred to, that must offer serious difficulty 
to any such theory. This evidence is found in the following remarkable 
parallelism exhibited by the phenomena of drug allergy and those of 
serum allergy: 

(1) The most common symptoms of both are fever and eruption 
and these symptoms are indistinguishable in the two eonditions in any 

(a) In both conditions the fever and the eruption arc coiirdinated 
symptoms, and they often occur independently of eaeh other. 

(b) The fever in both may reach a high point (106 h. or higher)* 

(c) The eruption in both is polymorphous, the common forma m 
both being identical. 
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(d) Itehinp is a prominent characteristic of the Tirticarial em- tion 

ref w™”’,™.. i" ■>"« “? T” ■"T- , .. 

oJ LrX n in serum allergy than in drug fUrp. 

W membranes are seldom, if ever, affected m either 

dition. , 

(/»} Leukopenia has been observed m both. j . , - 

(6) The blood-pressure has been found to be lowered in the few 
cases of drug Bller^y in whieh this aspect was studied and also in one 
case of serum allergy reported by Weil/*^ 

(7) Local edema and necrosis has been observed in both conditions 
at the site of injection, though more commonly in serum allergy. 

(8) A variable incubation period has been noted in both conditions 
and in both a shortening of that period has been observed after a rein- 
jection, mere commonly, however, in scrum allergy. 

(9) Recurrent symptoms have not been reported in drug allergy as 
they have in serum allergy. This difference is in accord with the 
explanation of the recurrent symptoms of serum allergy that is offered 
above. 

(10) The specificity of sernn^ allergy has been assumed without 
experimental evidence ; that of drug allergy has been thoroughly estab- 
lished. 


The fact, that, in the great majority of cases of serum allergy, the 
symptoms follow the serum injection after a period of incubation, may 
be urged in favor of an immunological mechanism in this condition. 
However, this argument can only be rejected when it has been tested 
with the question. Is the incubation period of an allergy evidence of 
an underlying immunological process? The answer to this question has 
already been provided in the discussion of drug allergy in which were 
cited the nuinerous recorded instances of allergic symptoms developing 
between 5 and 21 days after a single administration of a non-antigenic 
dfug. 

The differences between the dru< and serum allergies, as presented 
in the preceding c(»raparison, are chiefly of a quantitative nature and 
they are, perhaps, dependent uron the proteid or colloid property of 
the serum allergens as di.stinK'ushed from the crystalloid character of 
the drug allergens. 

However, serum allergy exhihiis no peculiarity that can serve aa a 
oriUrion of separation of this condition from that of drug allergy and 
there is, thus, no occasion offered by the manifestations of serum allergy 
to seek an underlying mechanism that would he different from that 
that w, one dependent an an antibody-antigen 


A prominent feature of the data contained in the reports of the 
v«n<H» otaemw of serum dlergy is the often wide dififeLee in the 
character of the condition m important respects as exhibited in the 


B«fereaco: (a) 260, pp. 44*>~4r»0. 
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different reported series. This difference is particularly apparent in 
the percentage of incidence and the incubation period. 

It is, therefore, in place to suggest that, in formulating some of 
their Important conclusions, von Pirquet and Schick were unduly in- 
fluenced by fortuitous combinations of circumstances as they occurr ed 
in the series of cases that came under their observation. 

Reference has been made to instances of insensitiveness bn)Ught 
about, in drug allergy, by the successive administration of small doses 
of the drug in a manner simulating the process of desiuisitization in 
anaphylaxis. If serum allergy is a condition whose etiology is identical 
with that of drug allergy, it should be expected that under the con- 
ditions just mentioned the phenomenon of induced insensitiveness would 
be encountered also, in serum allergy. Actually, instances are not un- 
common in which a first administration of serum has prriduced the 
characteristic symptoms of allergy, whereas subsequent injections were 
not followed by any symptoms. However, such instances have not 
been reported to occur under the conditions usual in the establishment 
of either of the two forms of specific antianaphylaxis, that is, desensi- 
tization or antianaphylaxis by antibody protection. 

An important characteristic of the process of desensitization is the 
regularity with which it operates in anaphylaxis. The sulnjutaneous 
injection of 0.025 c.c. of serum completely desensitizes actively sensi- 
tized guinea pigs. On the other hand, the production of inscmsiiiveness 
in serum allergy by the repeated injection of small doses of serum lias 
been found, by Priedlander and Runnels,**^ to he quite beyond control. 

These authors, in their report on the reaction following the use 
of antipneumococcic serum, state that in all cases they gave ns many 
as 5 preliminary ** desensitizing** injections of the serum, at interval* 
of 30 minutes, in amounts that aggregated about 11.5 c.c. This amount 
corresponds with about 0.05 c.c. of serum for a guinea pig, a quantity 
which never fails completely to desensitize an actively sensitized animal 
of that species. The authors specifically state that the last two portions 
of 4.0 c.c. of serum were administered intravenously. Nevertheless, 
these preliminary injections did not prevent the development of the 
symptoms of seri^m allergy in a number of cases* upon tlic subswiuent 
intravenous injection of 100 c.c. of tlie serum — a quantity correspond- 
ing with about 0.5 c.c. for a guinea pig. It is important to note that 
the large injection was made on the sjirae day as were the pndiminary 
small ones and that the resulting symptoms api»ean*d, in all of tliese 
instances, so soon (within 48 hours) after the admin ist rat if)n of the large 
therapeutic dose of serum that the possibility of a new formation of 

antibodies can be excluded, .... n 

The absence of the phenomenon of dosensitization ui scrum al ergy, 
as demonstrated by the observations of Friedlander aiid KunneU, pre- 
sents a serious difficulty to the anaphylaxis theory of that condition 


* At least five (personal communication from Major » > 

reported by Gryses and Dupuich (114) and by Nctter (J . 

Reference: (a) 104. 
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because, althoixf^h the successful suppression of a state of hypersens 
tivenesa by preliminary injection of small doses of the agent (as iij 
the cited case of quinin allergy) does not, by any means, prove 
antibody-antigen nature of the condition, the faiinre of such a pr(*. 
cedure to remove the hypersensitiveness must obviously indicate that 
the latter is not due to an antibody-antigen reaction. In this respect 
the oliservations of Fricdlander and Runnels are the more significant 
btHjause the desensitizing injections were made at a time when circu- 
lating antibodies are never found; that is, under circumstances most 
favorable to tlie neutralization of any hypothetical cellular antibodies 
that might be assumed to be responsible for the symptoms of serum 
allergy. Weil’s explanation of the failure of “desensitization** in 
scrum allergy is, thus, not applicable here. 

As has been set ff>rth in the section on antianaphylaxis, the repeated 
injection of the antigen in the preanaphylactic period in the guinea 
pig W'gularly produces the state of antianaphylaxis by antibody pro- 
twtion, which can be overcome only by the injection of large amounts 
of the ant igcn. The observations of Currie, already cited, have proven 
that the corresponding treatment in human beings does not induce 
any demonstnible msensitivencss in serum allergy, nor does it, indeed 
whatever on the course of the symptoms of that 


to tl'i! fum disease reported by Plandin <« appears 

eeitt ^s^d ♦heroy- A woman, having re- 
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tion, since iso-prccipitins hod" nit ®" antibody-antigen reac- 

anaphylaxis had not been produced ^ demonstrated, and 

the Observations of Marrcann^^^ however, 

in both of his cases prccipitins could >! because 

case, reacted with several normal hi * demonstrated, which, in one 
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, lade that the craptions, in these instances, were the rt-sult of an an- 
t i it, jdy-antigcn reaction. 

Prevention of Serum Disease.Smce the symptoms of serum allergy 
been universally regarded as an expression of anaphylaxis, the 
pievention of those symptoms has, naturally, been one of the problems 
that have occupied the investigators of anaphylaxis as well as the 
clinicians and this object has been pursued in two di reel ions. 

On the one hand, the attempt was made to remove the allergt^ns from 
antitoxic sera or to reduce their amount in the fheropeutie dose of 
antitoxin without causing a corresponding loss of antitoxic antibodies, 
tliese efforts resulting in the methods of concentration, one of whieh — 
the Atkinson-Gibson method — is in general use in the preparation of 
antitoxin. Many of the studies of the properties of the anaphylaetijgens, 
also, were pursued with a similar object more or h'ss frankly in view. 

On the other hand, the prevention of the symptoms of scnnn allergy 
has been sought with the procedure employed in th(‘ desensitizalion of 
sensitized guinea pigs, that is, with the preliminary injection of a 
relatively small quantity of serum. 

The concentration of antitoxin by the method of Atkinson Oihson, 
that is, by the elimination of all of the protein comixments of the serum 
excepting the pseudo-globulin, which carries the antitoxic principle, has 
not prevented the development of serum diseast* following the thera- 
peutic use of the antitoxin. However, the ohstTvations of Park and 
Throne on a series of 100 cases of diphtheria, lialf (»f which received 
injections of whole antitoxic serum, the other half receiving injections of 
the pseudo-globulin fraction alone, seem to indicate that the allergic 
symptoms produced by the latter preparation are eorisiderahly milder 
than those caused by whole serum. The comparison of the effects in the 
two groups of cases was made the more valid by the fact tliat the pseudo- 
globulin preparation employed was derived from the same mixture of 
antitoxic sera which was used for the “whole serum” injections, 

The authors noted, also, that the eruption usually persisted for a 
longer average time after the injection of whole senim than it did after 
the administration of the pseudo-globulin alone. Both urticaria and 
erythema were noted in both groups. 

In a statistical review of a consecutive series of ir»lfl eases injected 
with the Atkinson-Gibson preparation the writer's attention was drawn 
to the absence of recurrent eruptions in all of the 129 ejww»s that 
presented symptoms of serum allergy. Recur reru'cs of eruption were 
lacking, also, among the 23 ca.ses of the series of Park and Throne that 
received the pseudoglobulin, although three of the 'IG children that pre- 
sented allergic symptoms after injections of whole serum suffered such 
recurrences. This point of difference in the allergic effects of whole 
serum and those of the pseudo-globulin fraction has already l><*en dis- 
cussed.* , , - 

The application of the procedure of “des<-nsitizatiou has, also, 

* This volume, pages 168 and 173, 

Reference: (a) 189. 
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failed to accomplish its object in the prevention of the i^3nnptom(] of 
the usual form of serum allergy. The illuminating observations of 
Priedlandcr and Runnels, which demonstrate this failure, have alrea(iy 
been discussed.^*’ However, it is not so much the avoidance of the 
ordinary clinical expressions of serum allergy, as it is the prevention 
of the rare fatal form of “reaction*' to the administration of anti- 
toxic sera, which is sought with the procedure of desensitization. 

As has b<*cn pointed out,* the deaths that have been reported to 
have followed immediately the injection of serum, have, with few ex- 
ceptions, occurred after a first injection. In one of these instances, the 
quantity of serum injected was small (500 units of antitoxin, that is, 
0.5 to 1.0 c.c.) and the injection w'as made by the subcutaneous route. 
In a case, reported by Kerley,^**^ of a boy clinically hypersensitive to 
horse (among other things), injections, at two- week intervals, small 
amounts of horse serum were given, the first dose being of one-half 
minim lalwiit .025 e.e.). This dose was gradually increased until, 
finally, upon 4 minima being injected at one time, an alarming shock 
resulted. Hence it is evident that if the prevention of such accidents 
IS to be attempted by the method of desensitization, the preliminary 
do^' of serum must be considerably less than 0.5 c.c. Nevertheless, the 
writer ^is infonned that it is the practice of some to give a “desensi- 
tizing injection of as much as 1.0 c.c. of serum a short time previous 
to the administration of the larger therapeutic dose. 

Actually, there is no clear record of a fatal issue in serum allergy 
having been prevented with the procedure of desensitization, and it 
would seem therefore, unjustifiable to depend upon an arbitrary appli- 

S'lch as the practice just 
rewnd to, for the prevention of such accidents. 

nr** ^ rational treatment of a case such as those we 

diaimosis of the existing fatal hvper- 
S'rh“;r"VT kinds of eviSe: 
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lad caused no symptoms, upon the assumption that the development of 
fvniptoms IS not dependent on the sum of all of the doses administered, 
but upon the amount injected at one time. 

Hay-fev®r» ^Hay-fever is a characteristic symptom-complex that de- 
pends, not upon the influence of a specific ajjent, as do tljc infectious 
diseases, but entirely upon an inherited pre<lisposition on the part of 
the respiratory and conjunctival mucous membrane. 

The clinical aspect of this condition need not be discussed here, since 
that aspect is treated in detail elsewhere in this work. However, it 
may be pointed out that the symptoms of hay-fever are not only local 
hut pfeneral. It is, therefore, not correct to define hay-fever, as Cooke, 
Flood and Coca **‘1 have done, as a clinical expression of a local hyper- 
sensitiveness; indeed, the existence of tiu* reaetiviiy of hay- 

fever subjects is an important conneetinir link between Ibis condition 
and the other forms of allerjry (serum, drn«r. f(M»d^. 

The agents first to be recoprnized as an excitini? cause of hay-fever 
were the pollens. Blackley,*'^ in the mono}jra]>h in which he presentetl 
convincing evidence of the etiological relationship of pollen to sitasonal 
hay-fever, referred to the ^‘odor given by certain animals’" as a “sup- 
posed cause of a form of hay-asthma"’; but he explain<‘d such attacks 
as possibly due to pollen carried in the fur of fhos(» animals.'*’' 

Dunbar,^*^ whose researches finaliy forced the aceeptance of Black- 
ley’s experimentally founded theor}% entertains the belief, which is still 
favored by some,^'’ that the active principle in pollen which produces 
the symptoms is a toxin. The chief diflieulty involv(‘d in the toxin 
theory of hay-fever “lies in the fact that, to the great majority of in- 
dividuals, as many as a thousand times the amount of the pf)llen extracts 
that is ‘toxic" for the hay-fever patient is entirely innoeuons.” 8ueh 
a non-susceptibility of normal individuals, as Cooke and Vnnder Veer 
have pointed out, in order to be considered comparable with the natural 
human immunity to diphtheria, w'ould re(|nire flie demonstration of 
an antitoxin to the active substance in pollen. However, no such anti- 
toxin has been found in the blood of normal human imlividuals. 

Furthermore, in order to identify the active substance of pollen as 
a toxin, it is necessary to demonstrate antitoxin f<irmation when the 
substance is injected into animals. “This rcMpiiremcnt is claimed, by 
Dunbar, to have been fulfilled for grass-pollen by bis patented prepara- 
tion, ‘Pollantin. " However, Dunbar’s elaini in tliis rc^pcct has been 
refuted by Wolff-Eisner,**^ who discussed two main objections to it. 
These were: first, that the curve of saturation of pollen extract and 
•Pollantin,’ as plotted by Dunbar’s assistant, Praii‘^nitz,'’^ is com- 
pletely out of harmony with the law of multiple prop(,rtion«, which gov- 

id their specific anti- 
of Dunbar is toxic to 
To these may be addefl 
cattle, as Weichardt 


ems the neutralization of all known toxins 
toxins; and secondly, that the alleged antitoxin 
hay-fever patients when injected subcutaneously, 
a third objection, namely, that normal sera o 
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fdiowed, hflxT a therapeutic effect at least equal to that of ‘Pollantin.* ’ 

If further argument against the toxin theory of hay-fever be needed, 
it may be recalled that the typical symptoms of that condition are now 
known to be produced, in some individuals, by the emanations from 
certain animalH and from non-antipenic substances, such as peptoiu? 
and tiiherculin/*^ none of which agents can be assumed to be a toxin. 

T’nder the influence of the newly founded conception of anaphylaxis, 
Wolff-Eisncr applied the principle of anaphylactic sensitization to 
the explanation of the etiology of hay-fever, the details of this applica 
tion Iming similar to the familiar ones of that author’s view of the 
mechanism of anaphylaxis, according to which the antibody-antigen 
reaction, occurring in vivo, liberates a preformed poisonous substance 
in the antigen, which causes the symptoms of anaphylactic shock. Wolff- 
Eisncr assumes that, as a result of the absorption of pollen-protein 
through the m\ieous membranes, a sensitization to that protein occurs; 
that is, the fltiids of the body acquire the faculty of acting upon the 
protein aggregaies (granules) in such a way as to liberate the preformed 
poisons just referred to. 


It IS evident that an acceptance of Wolff-Bisner’s conception of 
the meeharuKin f>f the anaphylaxis reaction is not necessary to an adop- 
tion of the main principle of anaphylactic sensitization, which he pro- 
posed m explanation of the phenomenon of hay-fever and, actually, 
his basic idea has attained a general recognition among writers of 
various op,nn,„ as to the nature and site of the anaphylaxis reac- 
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Ti e striking that so small a proportion of human beings are subject 
to hay-faver, it is necessary to assume a peculiarity of the mucous mem* 
ijj anes of such individuals whereby the entrance of pollen proteins into 
the cell complexes of the body is facilitated or, indeed, made at all 
possible. H^ever, such an assumption is rendered untenable by the 
further striking and important fact that the majority of hay-fever sub- 
jects (57.7 per cent, of the series reported by Cooke and Van<ier Veer) 
are hypersusceptible to only one protein f*r group of j>roteins. In other 
words, it is inconceivable that tlie mucous mcnihraue of (.?io iioli vidua) 
should be so altered as to permit the absorption of only one group of 
proteins while that of another is abnormally pcrmca)»lc to some other 
group. Moreover, Cooke and Vander Veer present statistii'nl proof 
that hay-fever subjects are no more likely to pres<mt the symptoms of 
serum allergy after injections of antitoxic scrum than arc other indi- 
viduals. Thus, no general tendency to become hypersensitive lo any 
protein that has passed the natural harriers to the cell-complexes of 
the body could be shown to exist in the hay-fever subject. 

In view of the foregoing consideratimis, particularly the failure of 
Cooke and of Clowes artificially to sensitize human beings and the failure 
of others to sensitize guinea pigs or to produet* d»*mons1ral)lc antihodi«*s 
in rabbits with injections of pollen extracts, it is difficult to interpret 
the experiments of Ulrich, w*ho reports success in all of five attempts 
to induce, in guinea pigs, a hypersuseeptihility cf tht‘ tiasal and con 
junctival mucous membrane siunihiting that of hay fever. In similar 
experiments G. 11. Smith obtained cmly negative re.**ulfs. 

The failure of hath ihe toxin throrjf and thr Ihrortf of protnn sfnsi 
fization to explain the etiologij of hoy fever Is no\pto rompt usafrd for 
hy the recent cstahliahment of the injtvenct of hindity as the sole dr- 
termining factor in the causation of that condition. 

That hereditary influence plays some part in llic etiology of pollen 
allergy has long been recognized. Plioehus*'^ is said to have given this 
(piestion some consideration. Wyman, in 1H72, wrot^*. “Of 77 cases 
recorded in our table, in 15, more than one member of the sanm family 
is also affected — a much larger proportion than ^*xists in tlie eoinmnnify 
generally.’’ “The probability is that the family i)redispoMition has 
been rather underrated than overrated.” “As tin* fact.s now stand, 
it must be admitted that some families HufTer more tlian others. 
Beard, in 1876, found that out of IffO (*ases stm I ie<l by him, 6b (.15 
per cent.) had one or more relative.s that W(*rc affected with hay-fever. 
MacKenzie^'* found as many as 40 per cent, of hay-fever subjects with 
a family history of hay-fever, while Garel reported only JO per cent. 

with such history. - r i * 

Finally, Cooke and Vander Veer, assuming the identity the etio- 
logical basis of hay-fever and that of the food idiosyncrasies, the animal 
idiosyncrasies and the susceptibility to poison ivy. were able, in a study 
^^f the family histories of 500 cases of such conditions, to demonstrate 

Heferencea: (a) 227. fb) 22.3, (e> 193. inacc-Hvibh* to the writer, (d) 277. 

(e) 31. (f) 153. (g) 100. 
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conclusively the hereditary transmission of the tendency to become h>\ 
persensitive to these various proteid substances. 

The evidence presented by Cook and Vander Veer in proving: this 
concluaion is drawn from their investigation of the difference in the 
average age of onset of symptoms and in the incidence of hypersensi- 
tivencRs in the offspring, according as there was a positive bilateral 
family history, a positivi* unilateral family history and the absence of a 
family history of any of the selected forms of human hypersensi- 
tiveness. 

First, however, the authors laid down the important principle that 
the hereditary transmission could not be that of a hypersensitiveneas 
to a particular protein or group of proteins. The form of the hyper- 
^nsitiveness in the offspring was often different from that in the parent; 
indeed, when the inheritance was material the form of hypersensitive- 
ness in the <diil(l was much more often different from that of the mother 
than it wus identical with it. 


The influence of heredity on the age of onset of symptoms of hay- 
fever was shown in the fact that, in those cases in which a bilateral 
mhoritanco could be elicited, symptoms began before the fifth year in 
36.8 per eent. of the individuals, whereas 14.3 per cent, of the group 
m which a ttnila feral inheritance could be found and only 5 per cent, 
of those with tio demonstrable inheritance began to exhibit 8vmptom.s 
before the fifth year of life. These striking differences in the average 
age of onset are maintained up to the tenth year of life, the corre- 
sponding percentages for this longer period being 66.2, 32 and 17 . 7 . 

The considerable number of the eases forming the basis of this analy- 
f acceptance of the authors^ conclusion ihlt 
J t * Mcrc/ore, does exert a distinct effect upon the age of omet 

(hyp^'rsonsitiveness) ; the more cLplete 
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tiv^ iiess), the authors calculated that, when both parents are affected, 
7> })CT cent, of the offspring should be affected and that, when onlj* 
parent is affected, 50 per cent, of the offspring should be affected. 
Ai :aally, under the first-mentioned circumstances, 67.5 per cent, of the 
ofl'^pring, and under the second, 60 per cent, were found presumptively* 
to be affected. 

In view of the obvious difficulties attending such an investigation, 
these results seem, indeed, as Cooke and Vandcr Veer write, ‘'strongly 
to suggest that [the tendency to the forms of hyperst^nsitiveness in hu- 
man beings which they included in their questionnaire) is inherited 
as a dominant characteristic.’’ 

This important conclusion alone would seem obviously to remove 
the forms of hypersensitiveness referred to from the category of im- 
munological (anaphylactic) phenomena, particularly beeau.se one is un- 
able, under the limitations of the facts set forth above, to conceive in 
what way a faculty of artificial sensitization to only cme protein can 
be inherited, as would have to be assumed in the ma.)ority of case.H of 
human hypersensitiveness. 

Nevertheless, Cooke and Vender Veer adhered to the thef>ry that 
the forms of human hypersensitiveness which they were considering 
were due to acquired changes of an immunological character, which, how- 
ever, they were forced to assume to be “dependent upon some other 
factor than the mere parenteral injection f introduction) of native 


heterologous protein.’’ 

In a later study, Cooke, Flood and the wTiter concluded (hat, 
while the various forms of human protein hyperHensitivcncss (scrum dis- 
ease not being considered) are “established spontanpf»usly and never 
by immunological process,’’ nevertheless, since the clinical insensitive 
ness resulting from in.iections of the offending protein recalled that of 
desensitization in anaphylaxis, these authors assumed the existence, in 
the sensitive tissues, of antibody-like substances, w'hich were held to be 
responsible for the “reaction” of the clinical hypersensitiveness. The 
fallaciousness of the analogy on which this idea rests is sufficiently ex- 
posed by the fact that the tolerance attained in liypersensitive human 
subjects by the injection of the particular protein tr> which they are 
i^ensitive is often far removed from the absf)lute insensiriveness of the 


desensitized animal in anaphylaxis. Tlje idea, itself, represents the last 
vain effort of the theory of protein sensitization to adjust itself tf> a 
dories of opposing facts. 

Through their assumption of a common etiolfjgical basis in hay- 
fever and food idiosyncrasy, Cooke and Vander \ ccr were bn] to the 
important discovery of the sole determining factor of heredity, which 
underlies both of these conditions. However, as we have se<ui, the theory 
on which that assumption was founded, namely, that both of these forms 
of allergy are the result of a protein sensitization, appears, at least a« 

as it concerns hay-fever, to be untenable. Tn Tk 

-tration, by these investigators, of the operation of the factor of heredity 
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In thene ^wo forms of allergy renders superfluous, also, the assumpti on 
of an anaphylactic nature of food idiosyncrasy. 

Such assumption has to rest, first, upon the mere fact that tha fon(j. 
Stuffs that have been observ^ed to excite the characteristic symptoms 
of idiosyncrasy contain proteins and secondly^ upon a single uncon- 
viiicing experiment by Bruck in the production of passive anaphy. 
laxis to pig’s serum by the injection, into two guinea pigs, of the serum 
of an individual who was subject to pork idiosyncrasy. 

The presence of proteins in foodstuffs is not suflicient even to prove 
that thfjse proteins are the actual exciting agents concerned in food 
allergy (tlunigh tliis seems probable), much less to prove that the ex- 
citing agents themselves are always antigens. Of possible signlficaneo 
m this connection is the failure of Volk to demonstrate antigenic 
property in the .substances of the strawberry that excite the symptoms 
of allergy to that fruit. 

The purpose of Brack’s experiment was to demonstrate specific anti- 
pig antibodicH in the blood of the affected individual. However it is 
important to bear in mind that, even if antibodies could be conclusively 
demonstrated in the blood of the subjects of food allergy, this fact as 
TrTve tl!!.? discussion of serum allergy, could not, of itself, 
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;,Mown fact that the skin of hay-fever subjects is often hifjrhly hyper- 
« nsitive to the intradermal application of the pollen extracts and,'als<i, 
,n the observation of Cooke that in some instances of hay-fever the suh- 
( Utaneous injwtion of the extract of the p<»llen to which the iiulivulual 
is hypersensitive, resalts in a freneral eruption. Tlie hypersensitiveness 
i?i hay-fever is, thus, not confined to the mucous membranes but it may 
be shared by the £&in, with which, however, under natural conilitions. 
the active agents of the pollens do iK>t come in contact in amount suf 
fieient nor in the state of solution necessary for the produet ion of tlie 
characteristic lesion of allergy in that <»rgan, namely, the eruption. 

The close similarity in the manifestat ions of dni*: atid serum allergy 
has been set forth in detail and the similarity in the phenomena and 
the etiological bases of food allergy and of hay-fever has been shown. 
There are, furthermore, clinical features common to these two pairs of 
conditions, as well as other considcraticuis which warrant the suggestion 
of a common etiology and mechanism in all of them. 

The hypersensitiveness of the skin has been demonstrated in all four 
conditions. Edema is produced, under some eirctimstaneeK, in all, this 
feature being seen in food allergy and also, sometimes, after the injee 
tion of pollen extract into hay-fever subjects. Fever has Immui obsc*rvotl 
in all of these conditions, though this symptetm is relatively infr(H|uent 
in hay-fever, perhaps because of the iniimte amount <tf the exciting 
agents that gains access to the circulation. A fall of blood -pressure 
and a leukopenia occurs in drug and serum allergy as well ns in ftK»d 
allergy.^*^ These two features have not been looke«l for in hay fever. 

We have associated the conditions that we are discussing on the tu'ga 
tive ground that an antibody-antigen Tneehanisin had not b(*en tlemon* 
Ktrated in the causation of any of them, and tlie evidence at haml makes 
it appear, indeed, unlikely that siich a median ism is operative even 
in those allergies in which the exciting agents jiossess a protein nature. 
However, the researches of Cooke and Vaiider Veer have dim*losed a 
positive basis of association, which if it is extemled to include botli 
drug allergy and serum allergy, will not only euinplel<dy justify the 
association itself on the ground of a common etiology, but will con- 
firm the separation of the yihenomena of allergy from those of anaphy 
laxis. 

TUBERCULIN SENSITIVENESS 

{Tuherndin Hf action) 

Among the clinical manifestations of human pathol(*!ry that have 
been placed by some in the eatepory of anaphylaclie phenomena, that 
ia, of phenomena due to an interaetion of antipr n and spwifically retated 
antibody, stands prominently the ‘‘tuberculin reaction. 

The discussion of the nature of the tub<-rculm reaeUw wll 
tated by pointing out at once that this reaction, w le was 
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Koch acnd others to be dependent upon an existing infection with the 
tubercle bacillus, is different from the allergic effects • of tuberculin, 
which may be exhibited by individuals that are not subjects of an 
active tubercular infection. 

The tuberculin reaction was originally elicited by Koch by subcu- 
taneous injection and this route of administration is still preferred by 
some on account of the information obtained by its use as to 
the location of the tuWrculous lesions (‘‘focal reaction’*). It was found 
later that local reactions of similar import could be elicited with other 
modes of administration. Thus, a “tuberculin reaction” of diagnostic 
signiftennee is obtainable by cutaneous application (von Pirquet ; 
by percutaneous application (Moro^'*'); by intraentaneous injection 
(Mcndcl-Maiitoux “”) and by introduction into the conjunctival sac 
(Wolff.Eisnrr; (^dmette 

The tuh<‘rculin reaction is specific, in the sense that the tissues of 
the tuberculous individual are sensitive only to the products of the 
tubercle bacillus. 


The depondence <»f tlic tuberculin reaction upon the presence of a 
tulH>rculnr fiifcction had been demonstrated by Koch in his original ex- 
periment.s with gninea pigs. The later controls, as conducted by autop- 
sies on many thousands of tested human individuals, have revealed dis- 
erepancies of less than 3 per cent, between the autop.sy findings and 
the results the testJ**’ 

Thf miitn-iul used in tlie i>n>duction of the tuberculin reaction pos- 
wsses no iinmiiry toxicity in many times the amounts usually employed 
m he sulH-utaneons test (l).0()()2 to 0.01 e,.c.). One c.c. of pure tuW- 
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i active in its local effect and much less active in its general effect 
than the original preparation of Koch. 

It may be pointed out here that the demonstrated non-protein na- 
ture of the active constituent of tuboreulin makes it a priori unlikely 
that it possesses anaphy lactogenic property. 

Any adequate theory of the mechanism of the tuberculin reaction 
must provide explanation of the following established facts concerning 
the reaction : 

(1) The reaction appears not at once upon the application of the 
tuberculin but after an incubation period of ir» hours or longer. 

(2) The reaction is absent in the last stages of tuberculosis. 

(3) A positive reaction becomes negative just after the appearance 
of the eruption of measles [and during the ntta«‘k of pertussis.-^KniTOR]. 

(4) A positive reaction becomes negative after a course of t«l>er- 
culin therapy. 

(5) A reinjection of tuberculin into a tubercular individual may 
cause a reaction at the site or sites of previous injection. 

(6) A reinjection may cause an intensified nml acceb*r«fed nact ion 
especially if the reinjection is made at the site of a previous injection, 

(7) The tuberculin reaction, as induced with the sulxuitaneous injec- 
tion, is not only *Mocal’* (at the site of inject ion and general (fever, 
etc.) but also **focar^ (about the tubercular lesions, wherever they 
may be situated). 

The first to assume an antibody-antigen reaction as the underlying 
cause of the tuberculin reaction were von Pirquet and Rchick,*** who 
believed that the combination of antigen and antibody resulted in the 
formation of a toxic product. With the further development of the 
study of anaphylaxis this idea has survived in some plaees in spite of 
tlie numerous difficulties that are attaebed to it. 

The search for antibodies in tuberculous human individiials ha.i been, 
for the greater part, but meagerly rtnvarded. Agglutinins have been 
rarely found, precipitins not at all; bactcriotropins are slightly if at 
all increased in tubercular persons. Comph*ment-fixing antibodies, on 
the other hand, are regularly found. With the observance of certain 
important technical requirements that have recently Immti discovered by 
Miss M. A. Wilson and by II, von Wedcl,<'‘ tlw*se antibodies appear, 
actually, to be demonstrable in a high percentage of cases of active tuber- 
culosis. 

It should be borne in mind that all of these antibodies are related 
to the protein constituents of the tubercle ba<*illns, which are probably 
different from the active principle of tuberculin. . . . 

Indication that the agglutinins are not concerned in the tuberculin 
reaction is presented by the fact that, w'hereas the tuInTculin redaction 
diminishes or disappears after a course of tuberculin therapy in human 
beings, agglutinins may appear for the first time after such treatm^t* * 

A similar lack of relation between the complement -fixing anti^ie# 
and the tuberculin reaction in guinea pigs is demonstrated by the ex- 

Referencea: (a) 240. (b) 272. (e) 242. (.1)01,128. 
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perimente of Christian and Rosenblatt/" which were Mnfinned b> 
JSidienk/" nhowing that those antibodies are not pr^nt m the tuber 
wXos animals although the latter arc very snsoepaWe to tuberculin 
Furthermore, such antibodies are not formed by the normal anjn^ after 
Injections of killed tubercle bacilli; but they can be induced anch 
in jeetioii 55 when th€*sc are made into tuberculous guinea pi^ 

In the serum of tuberculous individuals that have been reilaered 
insensitive to injections of tuberculin has been demonstrated, a power 
of neutralizing the active principle of tuberculin/®^ Snch a ]^operty, 
Doerr remarks/'*^ has not been seen in anaphylaxis. ^ Howewr, fhis phe- 
nomenon conid be considered as analogous to antiailaphy&xis by an- 


tibody protection. 

Sensitizing antibodies have been sought in the serum of tuberculous 
individuals by means of the technic of passive transfer. Against a 
long series of negative experiments of this kind stand a few positive 


results. 

Those of Yamanouchi/^' who used rabbits, have been referred by 
Hoepke and Busch/*^ who failed in 17 trials to confirm Yamanouchi*s 
results, to a possible earhnlie acid content of the old preparation of 
tuberculin eraploycil by Ynmanouchi. 

Helmholz obtained a local reaction with the dermal test in normal 


guinea pigs 4 to 6 days after the injection of 4 to f) c.c. of the serum 
of tuberculous guinea pigs and he reports a similar reaction obtained 
in a normal guinea pig 4 days after it had been united to a tuberculous 
guinea pig by an operation that established an open communication 
between the two jxTitoneal (!avities. These* experiments have not been 
repeated. 

Austrian injected 5 to 10 c.c. of the whole citrated blood of a 


tuberculous human individual intraperitoneally into 11 normal guinea 
pigs of 240 to 590 grams W’eight and, 2 days later, tested the sensitiye- 
nc88 of these animals to an afjiieous extract of tubercle bacilli by in- 
travenous injection. Two of the eleven animals died after the in- 
travenous injection with symptoms of acute anaphylaxis, the autopsy 
findings iHuiig typical of that eoiiditif In a later series of experiments 
Austrian and Fried w’cre able to make a similar transfer in one 
case, the result being negative in ‘-t other cases. 

Austrian’s experiments cni'^ot be accepted as bearing on the ques- 
tion of the “tuberculin react :on,’* not only because his tests were made, 
not with tuberculin, but with tubcrculo-protein, but particularly, also, 
because the reactions w’lii{*h lie obtained were like those of acut^ anaphy- 
laxis and not like those of the tuberculin reaction. 

An antibcKly-antigen nature of Ihe tuberculin reaction is rendered 
improbable by the experiments of Bail in the passive transfer of 
tuberculin sensitiveness m guinea pigs. This was accomplished by Bail 
by the injection of emulsified tuberculous tissue from the spleen, liver 
ana lymph-nodes of infected guinea pigs into the peritoneal cavity of 
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/iormal giiinea jpigs. With the obsen^ance of certain important condi- 
tions, Bail’s of transference was uniformly snceeasful. Hows 

<'ver, the passive transfer failed altogether in the one instance in which 
tlie serum (11.0 c.c.) of two tuberculous guinea pigs was injected into 
a single normal guinea pig. 

Bail’s method consists in. forcing the tuberculous organs, which must 
contain a great preponderance of tuberculous tissue (tuliercles), through 
a fine-merfied wire gauze and injecting 4 to 6 e.e. of the resulting emul- 
sion int^ the peritoneal cavity of young guinea pigs. After a period 
of 6 to 72 l^urs the test injection of tnberenlin is made by any of the 
usual routeis (peritoneal, venous or suheutaucous). 

The tuberculin sensitiveness was evidenced, in BaU’s experimentil, 
by a resulting local edema (after subcutaneous injection), a ioeat in* 
flaramatoiy reaction affecting the tissues adjacent to the injected tuber- 
culous material and constitutional symptoms, wliich always ended in 
the death of the animal. The symptoms did not begin for an hour or 
more after the injection of the tuberculin and death did not follow 
till after 10 to 24 hours or longer. 

BaiUs results were confirmed by Onaka.'*' who noted a fall of tem- 
perature as a constant characteristic of a svu^ecssful transfer. The 
failure of Joseph, Kraus, Loewenstein and ^V>lk < ’ and others is ex- 
plained by Bail as due to technical error, especially in the choice of 
tissue for the transference. Bail shows that it is the tissucM of the 
tubercle and not the organ tissue.s (»f the tubercular animal that carry 
the tuberculin sensitiveness. He believes that the union <if the tuber- 
culin with the tuberculous tissues results in the formatiem of a poison 
which produces both the focal and the general symptf>ms. However, 
this explanation does not seen to reach the l(»eal reaction, which i** ex* 
hibited at the site of injection of the tuberculin when this is made 
subcutaneously. 

The character of the histological changes that take place at tha zite 
of the local tuberculin reaction is not without significance with reapi’rcf 
to the question of its anaphylactic nature. It apr>ears that in some 
of those lesions that were subjected to mierosc(»pical study the ehangeas 
resembled those of tuberculosis, while in others those changes could 
not be distinguished from the typical changes '’*• of that disease. The 
pathology of the local tuberculin reaction appears, thus, to be that of 
tuberculosis, and this specific character of the reaction tissue may have 
some relation to the instances of a “lighting up’ of the reaction at 
the sites of previous injections after a sub'Neqmuit f*nc. Sueli a reite* 
tion is conceivably due to a mechanism similar to that which underlies 


the “focal reaction.” , ^ 

Loewenstein and Kappaport,'" obsenini? that repeated 
tions of tubettralin caused an increased tutwrculm ‘ 
eulalr individuals, attested tbat this sensitiveness .s ..f the same natuw 
• i ^ fTwr, ftiffioiilties arc attached this idea: 

as tbxm-hypersensitiveness. Iwo diniciimch hi* 
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firit, the eymptoms of toxin-hyperseiwitiveaess are those of the toxin 
iUeU, whereas with tuberculin there is no primary toxieity with which 
the^iQTnptoms of the sensitiveness ean be comp^ired^ secondlyi^: tQher^ 
cqMii sensitiveness cannot, like toxin-hypen^sitivenessf be induced in 
a normal aniinaj, but only in a tubercular anhnal. i 

The insensitiveness of individuals in the last stage of tuberculosis 
need not indicate an absence of the underlying mechanism of the tuber- 
culin reaction in such cases; this phenomenon may be due to a non- 
spicifle inserisitiveness of the tissues to various toxic inftuences. This 
is drawn from the experiments of Kraus, Loewen^ein and 
Volk,<*> who found tliat '^cachectic’' guinea. pigs, which were insensi- 
tive to tuberculin, were also insensitive to intracutdneous injections of 
diphtheria toxin (1-2000). 

, nature of the tuberculin reaction remains unknown. That it 
fe imibably not an expression of anaphylaxis is apparent from almost 
all of the recorded clinical and experimental facts concerning it. The 
mam difficulties in the anaphylaxis theory of the reaction may be re- 
capitulated as follows: 


, (1) The active principle of tuberculin is, unlike all the known an- 

aphylactogens, a biurct-froe, dialysable substance resembling the poly* 

peptids m Its behavior to the digestive ferments and to chemical rea- 
gents. 

sensitized to tuberculo-protein so 
cinnlt S elictwf ■ ‘he tuberculin reaction 

^“h anaphylactic shock 

fer«i sensitiveness can be trans- 

Anaphylactic sensitCion* on^re'rthe" hand ^ aUl"^ tiiberculous tissue. 
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rarity ind its occurrence in non-tubercular individuals. It toay be 
induced with, small atoounta of tuberculin (0.0002 to 0.0003 cue.) and, as 
in dru^nllergy, often Appears only after repeated administration. 

tOZm HYPSESBNSinVENSSB 

Repeated injections of suWetbal quantities of either diphtheria or 
tetanus toxin may ^induce, instead of the usual immunity^ a atate of 
marked specifie hypersensitiveness to those toxins, 1, 700 of a normal 
minimariethal dose being often enough to cause the death of tlie animal.. 
While this condition has been observed in a number of animalSt it 
appears to be most" easily and regularly indiicetl in the giiiofa pig by 
the repeated injection of sublcthal amounts of toxin at fthoH intervals. 
Attempts to demonstrate the development of hypersensitiveness after 
a single injection of toxin have not led to uniform results. While hyjler» 
sensitiveness was shown to follow, in not less tlian 20 days, a single 
injection of tetanus toxin/**^ such a condition, as clearly distinguished 
from a mere summation effect, could not be iiuluced with a single injec- 
tion of diphtheria toxin or ricin.^*’^ The hypcrsensitiveness may exist 
in spite of the coincident development of antitoxic antihfxlies. which 
may be demonstrated in the blood. That the condition does not repre- 
sent a summation effect is proved by the fact that it can he indticed by 
the spaced injection of quantities of the toxin that, together are less 
than a single minimal lethal do.se. That the phenomenon is not 
mediated by antitoxin is proved, not alone by the fact that the hyper- 
sensitiveness is not passivedy transferable, but also in the fact that 
guinea pigs which have received in.icctions of diphtheria toxin after 
the latter has been completely detoxicated with ultraviolet ra>^ (40 
hours* treatment) become hypersensitive to untreated diphtheria toxin, 
although the detoxicated toxin is imtapable of inducing the produclioii 
of antitoxin in animals. This conclusion must apply, furthermore, 
against a hypothetical mediation of newly fonnccl sessile antitoxic 
receptors, inasmuch as the .susceptible eells in tetanus hdoxication. 
that is, the ganglion cells of the central nervous system, are not cw)n» 
cemed in antitoxin production. 

Animals dying as a result of toxin hypci'sensitivcncKs almost always, 
present the incubatipn' period, symptoms and Icsifuis tiuit are chnrac- 
teristic of the respective toxin.^'*^ This fact, in itself, points to an 
underlying mechanism that is different, on the one hand, from that 
responsible for any of the allergic phenomena and. on the other hand, 
from that responsible for the symptoms of anaphylaxis. ^ 

The difference between toxin hypersenKitiveriess fln<l anaphylaxis la 
made complete by the fact, already mentioned, tlmt the former i» not 
passively transferable. As Doeir says, in summing up the difference# 
between these two phenomena, animals dying in toxin hypersensitiveneiie 
sre killed 1^ the antigen, sometimes even in spite of the presence of 
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antitoxin, whereaa death in anaphylactic shock is not caused by the 
antigen alone, which, by itself, may innocuous, but by the interactiea 
of antigen and antibody, with the production of eharacterigtie symp. 
toma, the symptoms being identical with different antigens. 

Notwithstanding the sharp antithesis exhibited by the conditions 
controlling these two phenomena, attempts have been made, in several 
directions, to demonstrate the anaphylactic nature of toxin hypersensi- 
tiveness. # 

Since, in every instance of anaphylaxis that has been identified as 
such by passive transfer, the presence of antibodies of amboceptor^’ 
nature has been demonstrable in the medium of such transfer, it has 
been reasonably assumed that this type of antibody is required for the 
establishment of the condition of anaphylaxis. With the idea that con- 
formity to this nils with respect to toxin hypersensitiveness would pro- 
vide indirect evidence of its anaphylactic nature, the technic of com- 
plement-fixation was applied in the examination of the sera of animals 
immuniaed with toxins. With this method it was believed, for a time, 
that specific antibodies of amboceptor type had been found and these 
were supposed to be concerned in the causation of toxin hypersensitive- 
ness. However, these complement-fixing substances were subsequently 
shown to be iion-spee.ific and they are, doubtless, identical with the 
similarly reacting bodies that appear in the blood of animals after 
injections of Witte peptonc/*^^ 

Priedberger’a “anaphylatoxin’* theory of the mechanism of an- 
aphylactic shock makes no distinction between toxins and non-toxic pro- 
teins, inasmuch as he assumes that through the mediation of antitoxins 
or protein-antibodies the respective antigens are split into toxic prod- 
ucts, these being then split into non-toxic products. Prom the stand- 
point of this theory Priedberger, Mita and Kiimagai sought to estab- 
lish the anaphylactic nature of toxin hypersensitiveness by demon- 
strating anaphylatoxin” production when minute quantities of toxin 
in diy form were, mixed with normal guinea pig’s serum. It seems a 
sufficient commentary on these experiments to recall the so strongly 
supported general conclusion that with the technic of anaphylatoxin 
production no evidence ns to the anaphylactic nature of any phenomenon 
IS obtainable. ‘ ^ 


Anma eraployed the i.rpct method of passive transfer and he 
believed that the acutely luxic, in a few instances, fatal effect of large 
injections of toxin into the animals that had previously received injec- 
’’f ““ Pspression of passive anaphylaxis. However, 
rii^^Tv it appear likely that the acute symptoms 

ppf^tiL.^ content of his toxin 

Wie r^rded facts regarding toxin hyperaensitivenesa leave na en 
tirely in ignorance of the meehanism of ^ causation ^et tt»^«Sr 

‘*‘***'*“'* or any of the known fonna 


Hefwcaen: (m) 173, to. (b) 218. (c) 76. (d) 101. 


(e) «. 



BIBLIOGRAPHY 


193 


BIBLIOGRAPHY 


1, ABDERKALOirN. M«d. Klin., 1909,1544. 

, Htincben. mod. Wchnscbr.. 191t>. 1305, 1939, 2172. 

;j ScbuUfennente der thierisclic^n OnraiuMi,. Bt^rlin. 1912, 

4. ABDEaHALDEN AND KaEMPF. Ztschf. f. pjj.vsiol CIkmu., 1911, IxXJ. 4iM. 

AlinERHALPEX AND IvfUTSi. Ihul., 1912. Ixxvii. 249. 
fj AbDERHALDEN and PiNCUSSOHN. Ihi(L. 1909, Ixi, 200; Ixii. 243. 

T. Anderson and Frost. Hyp. Lab. Bull, No. ni. Wash., i9in. 

Anderson and S^ihultz. Proc. Soc. KxtxT. and Hk!.. 1909. vii. nt 
9 Akima. Ztaehr. f. Immunit., 19l.‘l xx. 290. 

10. Armand-Delille. Semaine m5d., 1!)0S. Nr. 47. r»<i4. 

11 . Arthus. Compt. mid. Sor*. dt* biol, 19o:J 1\, si 7 

,.j Ihid., 1906, lx, 1143. 

I.'l Arch, internat. dp physiol. 190 k, vii, 471. 

j4 Compt. rend. Acad, scien.. 1900. oxlviii. No. 1!S. 999 and 1(IK)2. 

l.^S. Ai’ER. Jour. ExiK*r. Mod., 1910. xii. 038. 

I(j Ihifi., 1911, xiv.'497- 

17. Ibid., 476. 

Centro 11)1. f. Ph.v.'^iol, 1911, xxiv, 9.'’)7. 

19. Ibid., 1912, xxvi, 400. 

20. Berl. klin. Wchnselir.. 1912, 1.508. 

21. Forehheimer^a Therappusi.s <»f internal disonsps, 1917, Vol V.. 

p. 35. 

22. ArER AND Lewis. Jour. Expi^r. Med., lino, xii, ir>I. 

23. Ateu and Robinson. Ibid., 1913, xviii. I.'.o. 

24. Austrian. Ibid., 1912, xv, 149. 

25. At^sTiiiAN AND Fried. Johns Hoi)kins IIosp. Bull. 1!»13, x.xiv, 280. 

20. Axenow. Juhvb. f. Kinderh., 1913, Ixxviit, .50.5. 

27. Baeur and Pick. Arch. f. exper. Path, u I^lianuakol, 1913. Ixxiv. 41. 
2'>. Bail. Ztsplir. f. Immunit., 1909, iv, 479. 

29 . rhid., 1912, xii, 451. 

30. Bandi.er and Kreibicii. Doutsch. mod. W<'lm'*elir.. 1*.H>7. 1029. 

31. Beard. Hay-fever or suininor eatarrli. .\i‘\v 5 >»rk, is7tl 

32. Beiiuend. Berl klin. Wehnsehr.. 1879, 020, 

33. Be.srkdka, Compt. rend. Soe, de biol, 1907, Ixiii, 291 

34. Ann. de I’ln.st. Pa'^tpur, 1908. xxii, 490. 

3,5. Anaph.vlaxie et antinnnphyl'ixie, Pari'^, 1917. 

30. Besredka anh Bronfenbrennfk. .'\nn. d<- lln-t PasU nr. 1911, xxv, 392. 
37. Besrkdka and STEiNiiAunr. Ihid. 19on, xxi. 3sl. 

3H. Biedl and Kraus. Wien. klin. W<*hns<*hr.. 1909, 303. 

39. Ztschr. f. Immunit., 1909-10, iv. 115. 


40. 

41. 

42. 

43. 

44. 
4,5. 

46. 

47. 


48. 

49. 

50. 
61. 
52, 


Ibid., 1910, iv, 115. 

Blackley. I£ay-fevpr. London. 1873. 

Bloch. Ztschr. f. exiier. Path. u. Tia^rap., 1911. ix. ,509. 
Bokai. Pest, med.-ohir. Pre.sse, 1^94, 1119. 

Bordet. Compt. rend. So(‘, biol, 19PI ixxiv. 8,,. 

Braun. Ztschr. f. Iinmunit., 191<‘, iv. 590. 


Brieoer. Ztschr. f. Ilygieno, 189.5, MX, 101. 

Bronfenbrennb;r. PeiiiKHvlvaiiia .M d. .lonr.. P’l [ l^l ^ xviu, lO; I rw, 
Soc. Exper. Biol and Med, 1911 xii, 7; Jour. Kxi>«‘r. IUhU 1914. xxi, 
480; Proc. Soc. Exper. Med., 191.5, xiji, 19. 

Bruck. Berl. klin. Wchixschr., 1919. .517. 

Arch. f. DpTinat. u. Syph.. 1919. x;;vj. 241. 

Burckhardt. Ztschr, f. Immunit.. 1910, yot 8,. 

Bu&son. Ztschr. f. Immunit., 1911-1-, 

Calcatbrra. Riv. di din. Fed., 1910, vm, yia. 


Vou L— 13. 



194 


HYPERSBNSITIVENIISS 


58. Calmette. Compt rend. Acad. d. «c., 1907, cxliv, 1324, 

54. CeimiuS'Demel. Giom. d. R. accad. med. Torino, Feb., 1910, xvi, 
56. CiiBiaTiAK AND RosENBLATT. Munchen. med. Wcbnschr., 1908, 2032. 
60. CmK'K. Jour, Infert. Dis., 1917, xxi, 523. 

67. Clowes. Jour. Immunol., 1918, iii, 825 (disc.). 

58. C<K‘A. Virchows Arcliiv., 1909, cxcvi, 92. 

09. Ztechr. f, Immunit., 1914, xx, 622. 

60. Proc. Roc. Exper. Biol, and Med., 1919, xvi, 47. 

61. Cf»OKE, Flck)!) and Coca. Jour. Immunol., 1917, ii, 217. 

62. C<k)ke and VANDEtt Veer. Jour. Immunol., 1916, i, 201. 

63. Cbonquist. Munchon. med. Wcbnschr., 1912, 1960. 

64. Currie. Jour. Hyjr., PM)7, vii, 35. 

65. I>AEi.8. Med. Klin., 1908. 58. 

66. Dale. Jour. Phurrn. and Exi)cr. Thor., 1912-13, iv, 167. 

(57. <»f Fharm. and Exper. Ther., 1912-13, iv, 167, 517. 

68. Dai'T. Jalirb. f. Kindcrh., 1897, xliv, 289. 

69. J)e Kruik. .Tour. Infoj't. Diw., 1917, xx, 717. 

70. Dk Kri’if and German. Ihid., S33. 

71. Dkneke. Zfa< lir. f. Immunit., 1914, xx, 501. 

72. De Waele. Bull. d(? I’Acad, roy. do mod. do Belgique, 1907, xxi, 715. 

^ ZLscIir. f. Immunit., 1909. orig. iii, 478 and 504. 

i4. Doerr. 4 Tagung d. fr. Vor. f. Milcrob., 1910. Centralbl. f. Baktoriol 
Rot., 1910, xlvii, 12. 


75. 

76. 

77. 

78. 

79. 

80. 
81. 
82. 
m, 

84. 

85. 


86 . 

87. 

88 . 

89. 

90. 

91. 

92. 


Ztsohr. f. Immunit. Ref., 1910, ii. 788. 

Handbucb d. ]>ath. Org. Kollo*Wassermann, 2nd Ed., 112 p 947 
Erg. dor Immunit., 1014, i, 257. 


Doerr and Moi.ixh’an. Ztsebr. f. Immunit., 1910, v, 9, 125, 161 
Wion. klin. Wchnsolir., 1911 


Rioebom. Ztschr., 1912’, xli, 27. 


Doerr and Ri sk. Ztsebr. f. Immunit., 1909, iii, 181. 

fhi<L, lOOtb ii, 109. 

0<'ntralb]. f. Raktoriol,, Grig., 1911, lix 73. 

Ihit/.. Grig.. 1!>12, Ixiii, 243. 

92, ns. 

Ji.L 232, .HI, 3 <2, 4,33. 463 and 615. 

DRKVKrss. Miinebon, Mitl. Wchmsebr., 1912, 198. 

Di nbah, Biri. klim WchiLschr., 1905, Nos. 2*6, 28 and 30. 

C MUNrw. /tsi4ir. f. In.munit., 1913, xvii, 105. 
hiiRLK ff AND Sa( ns. BcH. klin. Wcbnschr., 1906, 657. 

l^xcm^Avn (Mracok). 1902, i, 623. 

PirvoiN rmr ?runcl»on. m..d. Wchnachr., 1908, 2273. 

W.A.NIMN. Bull. 0 l mouL do lu Soc. mod. do.s hop. de Paris, 1914, xxxvii. 


93. 

94. 

95. 


100 . 

101 . 

102 . 

103. 

104. 

105. 

m 


JRaenkel. Zts(4ir. f. Tul.^k., 1900-01, i 291 
>Ram‘iom. la Six>rini< r.-ale, 1904, Iviii, 767. 

Friedb eroku. /mdir. Immunit., 1909, ii 208 

1909. hi, ' 

19B'. iv, 636^* 

yur, TJ: ion X 

1913. 506. 

Vi *”‘“'<bcn. mod. Wcbnschr.. 1907. 2414 
ir f. Immunit.. 1909, ii 5^ 

Oarel, Le Rbume des Foins, Paris, 1899. 



BIBLXOGRAPHY 


m 


107. 

i(>3. 

100. 

no. 

111 . 

112 , 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120 . 
121 . 
122 . 

123. 

124. 
12.5. 
126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

161, 

152. 

153. 

154. 

155. 

156. 

157. 

158. 


Gay aK» Adlee. ^our. Med. Eesearch, 1908, xviii, 4iUi. 

Gay AMD BjAiLSFOai) Kobiertson. Jour. Exper. MckI, 1913, xviii» 635. 
Glev AKTD Pacmom. Compt. nend. Acad, do sei.. 19*m, rxlix, 813 
OooDALL. Jour. Hygr., 1907, vii, 607. 

Lancet, 1918, i, 323 and 361. 

Gbineff. Compt. rend. Soc. de biol.. 1912, Ixxii. 974, 

Gruber. Ztschr. f. Immunit, 1910, vii, 762, 

Grysse and UuPUiCH. Pull, et mc'in. dc In d«*s h5p, de Paria, 

1912, xxxiii, 374. 

GuRD. Jour. Med. Research, 1914-15, xxxi, 20.5. 

Hamburqer and Moro. Wien. klin. Wclin^chr.. 19<«i, 445. 

Hartung. Jahrh. f, Kinderh., 1896, xUi. 72. 

Helmiiolz. Ztschr. f. Immunit, 1909, iii, :>7l. 

Heran and Saint Girons. Montpelier M<'d.. 1917, xxxix. 669. 

Heubner. Deutsch. med. Wchnschr., 1894. 701. 

Klin. Studien iiber die llehandlun^^ <}♦ r Iliphtherie. 1^95, 

Hutinel. Presse med., 1910, 497. 

Jadassohn. Verhandl. d. deutsch. deniuu. (hscHseh.. V (’onirrc'^s, 
1896, 103. 

JOBLINO AND Pktkr.sEX. Johns Hopkins Tfosp. Bull.. xxvi, 3.56, 

JoBLiNG, Petersen and Ko<j.hteix. .lour. Med., 1915. xxii. 401. 

JoHANNESSEN. Deutsch. mod. Wchns<*hr.. IM).', M.75. 

Joseph. Beitr. z. Klin. d. Tulx*rk.. 1910. xvii. 461. 

JrERflENS. Ztschr. f. exp(*r. Patln*!. nnd Ther , l!»o.*, i, r»69. 

Kerlev. Arch. Pediat., 1917, xxxiv, 457. 

Keysser and Wassermann. Zt'^chr. f, H.vff. u. Inf(‘(‘tjonHkrsnkh., 1911. 
Ixviii, 536. 

Klausneb. Miinchen. mod. Wchnschr., 1910, 1983. 

Knorr. Exp. ITnter.«.ucb. iiber d. (1. d. 11. d. Tetnini'*, Ilohil, Sehrift , 
Marburg, 1895. 

Kraus. Loewenstein and Voek. Deutsch. med. Wchn'^chr.. 1911, 38!*,, 
Kraus and Volk. Zt8<hr. f. Immunit, 1909, i, 731. 

Wien, klin, Wchnschr., 191(», viii, 2^9. 

Krrtz. Ztschr. f. Tloilk., 1902; Anal., iii. 75. 

Kuehne. Ztschr. f. Biol., 1894, xxx, 221. 

Lake, Osborne and Wells, dour. Infect. I)i<., 1914, xiv, 364. 

Larson and Bell. Jour of Infect, I)is.. 1919, xxiv, ls.5. 

Launoy. Compt. rend, de Roc. biol., 1912. Ixxii, 403 and 815. 

Lemairb, H. These de Paris, 190(t-T. 

Lenzmann. Ztschr. f. aerzil. Fortbihl, 1911. viii, 616. 

Lewin. Kehenwirkunpren der ArzeneimitO l. .5 AuH., Hrrlin, IMtO. 


Lewis. Jour, of Expt^r. Me<l., 1908. x, 1. 

Lindner. Deutsch. mod. Wchn.schr., 1800, 1207. 
Loewenstein. Handb. d. path. Mikr.. Kn1h-V as..ermann, 


2d 


E#i, 


Loewenstein and 
Loewenstein and 
Loewi and Meyei 


Ztschr. f. exper. Path. u. Thcraj... 1914 xv, '-ip' 

TEIN AND Pii K. Biorhcin. Ztsclir., 1911. x.txi, 14i. 

Z uZm-ohT. Ztschr. f, T..la.rk 19<«. iv. v 4H5 
ND Mever. Arch. f. cxi»'r. Path. u. I’liarmak..!.. Sui.pl. Ihi.. 


1908 , 356 . , , 

Loewit and Bayeh. IbvL 191^. .. 

LoNotxtPE AK1> Raike.ma.vx. Kxia r. -'hj]- •'> • **'"• 

Mackenzie. Hay-fever, its etiology, etc.. 1. 

Mantoux. Presse med., 1910, ^ ... , 

HANWARlNa. 'Ztschr. f. Immunit.. IJl >. • ■ ■ ^ 

Manwabino and Kvsama. Jour, of 
KaRie. Compt. rend. Soe. de bml.. Wlh. Ixxtx. It. 
McKbbn. Biton Med. and Surg. Jour.. 1911. .M. 



m 


HYPBRSBNSITIVBNBSS 


Mrkdeu Mrd. Klin., 1908, iv, 402. 

100. Heutexs. iiunchen. med. Wchnsclir., 1911, 2067. . , 

161. lilicHABLtfi AND OpPENUEiMER. Arch. f- Anat. und Physiol. (Phys. Abt.) 

Sujipl. 1902. m. 

162, Mita. ZtM‘hr. f. Iinmunit., 1910, v, 297. 

160. Moi.ix)Van. li!uncUt*n. lued. Wchnschr., 1912, pp. 1902 and 1961. 

164. Mono. Jhitl, 1908. iii, 216. 

lO.'l. M<mo and llAMurKCKK. Wion. klin. Wcbnschr., 1902, 121. 

166. Mu ha. Ihhi. 1911, 963. 

167. Nathan. f, Inimunit., 1913, xriii, 636. 

168. Nkik-seu. Dcutsch. mod. Wclinsohr., 1884, 467. 

169. .\kttku. Bull, ot inriii. d(‘ la S(h.*. nwd. des hop. do Paris, 1912, xxxiii, 

401. 


170. 

171. 

172. 

173. 

174. 

175. 

176. 

177. 

178. 

179. 

180. 
181 . 
182. 
lai. 
184. 
186. 
186. 

187. 

188. 

189. 

190. 

191. 
192: 

193. 

194, 
196, 

196. 

197. 

198. 

199. 

200 . 
201 , 
202 , 

203. 

204, 

205. 

206, 
207. 
SOB. 

m 

210 . 

211 . 


Nki fki.d and Doi.d. Borl. kliii. Wolinschr., 1911, 5.5, 1069. 

Arh. a, d. k. Gsmihisamto., 1911-12, xxxviii, 275. 

Nuor.KE, Ann. do Unst, Pastour, 1907, xxi, 128. 

Nh'om.e am» Pt^ZEttsKi. Annal. Pa.stour, 1908, xxii, 26. 

Noi.f. An*li, do ph>>i<>l., 1910, x, 37. 

Bull, do I’Aoad. r(»y. do Boljr., 1910. 

Now, F. (i., AM) Oe Kanp, Jour. Infect. Dia., 1917, xx, 536. 

Jhitl., r)66. 

.589. 

/5/r/., 618. 

Jljfl (loj) 

77(j_ 

Now, F. <!.. Df. KnriF. and Now. H. L. IhUh, 499. 

/// Vi.. 657. 

Now. F. (»., and Now. F, 0. Ihid,, 657. 

Obekmkykii and Pu'k. Wion. klin. Wchnachr., 1906, 327. 

Onaka. Zt''ohr. f. liiunuiiit., 1910, vii, 607. 

Otto. Miinch. mod. Wchn^tohr., 1907, 1665. 

Paunjk/. and l*AsTErR-VAi.i.EHY-llADOT, Prossc inod., 1916, 529. 

I ARK AND I riRoNE. Am. Jouf. Mod. Sc., Nov., 1906. 

It.auc'K and KisENnuEY. Jour. Infoot. Dia., 1910, vii, 565 
I EAIU4: AND Wii.MAMs. 1h\d., 1914, xiv, 351. 

Pfeiikeh. Wion. klin. WVhnschr., 1909, 14, 989, 1227, 1375. 

T UOKiU’s. Drr t.vpiaohc Friihsonmorkatarrh. Giosaon,’ 1862. 

Mi’KFRT AND b>E\VENsTEi\. I)(‘uNoh. Tiiod. W<*linsolir., 1908, 2262. 
loEHi.MANN. Munchon, mod. Wchnachr., 1914, .543 

'’’O’- 592. 

niAi.s.MT/. Borl. klin. Mchnac' ., 1905, p. 227. 
iuctiET. ^nn. do I’Inal. Pa.stour, 1908. xxii, 465. 

Borl. klin. Wcinwcbr . 1907, xxt, 497. 

— Canupt. rend, do S, do biol., 1908, Ixiv, 846. 
utTz AND Sachs. Borl. k’m. Wohnaohr., 1911 987 

lire; s,"™- ■« “■ “■ 

Schenk. Foha scrolojrica. 1909, ii. 343 ' 

Schick. Torhand). d. Goaellat^h. f. Kinderh CassoL 1903 iai 

m Tip.. 1912. 

SCBLOSSMANN. Verhandl. d, Gesellsch, f. Kinderh, Karknihe, 1902. 



BIBLIOGRAPHY 


197 


SoBiamwa. HUnchen. me<L Wchnschr., 1912» 905. 

ScHUEBiSR AND Strassmann. Ztschr. f. Irnmunit., 1912, jsii, 143. 

‘> 14 . Schultz. Jour. Pharmacol, and Expcr. Thomp., 1910, i Vf49 
/hiU, ii, 221. 

he. — Bull. Hyg. Lab. U. S. P. H. and UAL S.. No. 80, Wa^^h.. 1012. 

•J17. Jour. Pharmacol, and Exi)er. Tlierap.. 1912. iii. 200, 

218. SCHUBMANN AND SONNT.\(:. Z^-hr. f. Iniiiumit., 1011. or, it., ix, 45MJ, 
210. SOOTT. Jour. Pathol, and Baotcriol.. 1010-11, xv. 31. 

220. Secale. Pathologica, 1911, iii. 205, 323. 403; 1011-12, iv, 12. T«. 

221. Sewall. Jour. Lab. and Clin. Med., 1917, ii. H75. 

222. Sloan. Brit. Med. Jour., 1910, ii, 1408, 

223. Smith. Jour. Immunol., 1918, iii, 32,5 (disc.l. 

224. Swift. Jour. Amor. Mod. Assn.. 1912. )ix, 1230. 

22,5. Thiele and Embleton. Zh^ohr. f. Inmiunit.. 1013, xx. 1.70. 

220. Uhlenhutit, L., and Haexdel. 4 Tairung der frcMen Ven-in f. Mikro- 
biologie, 1910; Contralbl. f. Bakl. Uef., 1010, xlvii, 08. 

227. Ulrich. Jour. Immunol., 1918, iii, 455. 

228. VAN Ne 8. Doutsch. mod. Wohiificlir., 180.5, ,373. 

229. VAUfliiAN, CUMMINQ AND Wrigiit. Zt^chr. f. Immunit., lOU, ix, 458. 

230. Vaughan and Wheeler. Jour. Infoot Di.s., 1007. iv, 47*5. 

231. Voegtlin and Bernheim. Jour. Pluinnaot)!. and T'xi>c‘r. Tliorap., 1911. 

ii. 507. 

232. Voces. Tuberkulin und Organismua, Jonn, 1005. 77. 

233. Volk. Arch. f. Derniat. u. S.vph., 1011. rix, 103. 

234. VON Behring. Doutech. mod. Wchnachr., 1803, xlvii», 12.53, 

235. VON Behring and Kiti.siiima. Borl. klin. Wolm^ohr., 1001, vi, 157. 

230. VON PuNGEUN. Dic Antikorper, Jen.i. 1J»03. 

237. VON PUNGERN AND Hjiischfeli). Ztsclir. f. Iijununit.. 1011, xi, 5.57. 

238. VON Fenyvessy and Fueund. Ihid, 1914, xxii, .50. 

239. von Pirquet. Berl. klin. Wchm^clir.. 1007, xliv. 009. 

240. von PmguET AND Schic k. Wien. klin. Webn^'lir., 1003. 7.5''. 

241. Pio Serumkraiikheit, 190,5. 

242. Von Wedel. Jour Immunol., 1918, iii, 3,51. 

243. Wechselmann. Peutsch. mcni AVehn^tethr.. 1000, 1380. 

244. Peutscli. iiied. Wehnschr., 1012. 1174. 

245. Berl. klin. Wclin.^chr.. 1012. 010. 

240. Weil. Jour. Mod. Ri^cjaroh, 1912-13, xxvii, 407. 

247. Proc. Soc. for Expor. Biol, and Med., 1012-13. x. 110. 

248. Jour. Immunol., 1917, ii, 409. 

249. Jour. Med. Rcvsearch, 1913. xxvii, 407. 


250. Ihid.f 1913. xxviii, 243. 

251. Ibid., 1913, xxix, 233. 

252. Ibid., 1913, XXX, 87. 

253. Ibid., 1913, XXX, 299. 

254. Ztschr. f. Immunit.. 1013, xx, 199. 

255. Ibid., 1914, xxiii, 1, 

256. Jour. Immunol., 1916. i, 1-49. 

257. Ibid., 1916, ii, 95. 

258. Ibid., 1916-17, ii, 109. 

259. Ibid., 1917, ii, 429. 


Ibid., 526. 

Proc. Soc. for Exper. Biol, and M<'<1.. lOK'^-li. xiv. 

Weil and Coca. Ztschr. f. Immunit.. 5913, xyii.^Ul. 

Weil and Eggleston, Jour, Immunol., lOl . . 

Weil-Hall^ and L^.MAIRE. Compt. rend. Soc*. Bk)!., 190 , Ixv, 
Wells, H. G. Jour. Infc*ct. Pis., 1908, v, 440. 

Ibid., 1909, vi, 606. _ , ^ ^ ^ 

Chemical Pathology, 2nd Ed., 1014. 


141 . 



m HYPBRSENSITIVBNBSS 

Weixh, C. W. Jour. Infect Di*., 1915, xvi, 68. 

269. W«tu! A*n> O»0OKm Ibid.. 1911, riii, 66. 

2Y0. Jhid„ 1913. xii. 341. 

271. Widal, Abramj. Bris-sai d and Joltrain. Bull, et xnlm. soc. m6d. d»‘<^ 

h6p.. 1914. xxxvii. 256. 

272. WiLHON, M. A, Jour. Immunol., 1918, iii, 346. 

278. Wladimirokp. Zt<chr. f. Ilyjpr.. 1893, xv, 405. 

274. Wolpf-Kirner. Centralbl. f. Bakteriol., orig., 1904, zxzvii, 576. 

275. Dbh IIeufiel)er, Munchen, 1906. 

276. Beitr. z. klin. d. Tuberk., 1908, ix, 1. 

277. Wy.man. Autumnal catarrh (hay-fever), N. Y., 1872. 

278. Yamanoucui. Wien. klin. Wchnschr., 1908, 1623. 

279. Compt. rend. Son. de Biol., 1910, Ixviii, 1000. 

280. ZiEi.KNZK.KH. Doutsch. iu(‘d. Wchnschr., 180.5, 575. 

28 J, ZiRLER. Miinch. med. Wchnschr., 1008, 1685, 2046. 

282. /bid., 1912. 401. 

283. ZiNHKKR. Proc. Now York Pathol. Soc., 1914, xiv, 247. 

284. Zr.ATO(K)ROPF AND ViLLANEN. Bcrl. klin. Wchn.schr., 1912, 683. 

285. ZiiNZ. Bull de TAcad. roy. de mod. de Belgique, 1911, xxv, 425, 

286. Ztbchr. f. Immunit., 1912-13, xvi, 580. 



CHAPTER VII 


INFECTION AND IMMIIXITV 
By Herbert K. Detvveiler* M.D. 


Infection, p. 199— Phenomena of inf(X?tion, p. 1!)9-Th(* path in- 
fection, p. 202. 

The problem of virulence, p. 207 — Texiii^f, p. 210- Pumuiini*, p. 211- 
True toxins, p. 212— Endotoxins, p. 212— Bafterijil p 212 

—Method of action of Bacterial iv)iMnis ]». 21 ?1. 

Immunity, p. 214r— Natural immunity, p. 214— Khrlieh’s Nide-ehaiu 
theory, p. 224— Acquired immunity, p. 220. 

Toxin and antitoxin, p. 237— Tin* nature of tin* toxin-antiioxin w*- 
action, p. 238 — Production of antitoxin for tbtTapeuli** use. p. 244. 

Agglutinins and precipitins. p. 240— Agglutiruiis. p. 240—Mi(!r<tscopie 
ag’glutinntion test, p. 247— Mncrosco]»ie ngglijtihalaaj font. p. 248 
—Agglutination tests for the determination <•{ ty)M*s of pnemm>et>e- 
cus, p. 240 — Agglutination test for the selection ol doiatrs for trans- 
fusion of blood, p. 250— Preeipitin.s, p. 254. 

Phagocytosis and opsonic index, p. 250 — Phagory1o.si.-4. )k 2.»0 Oiiwe 
nins, p. 260— The opsonic index, p. 262— IVaetienl value ol tin* op 


sonic index, p. 265. . 

Hemolysins, bacteriolysins and other c.yiotoxie Huh-tanees. p. 

The nature of complement, p. 272-Boraet-G. ngon phenomenon of 
complement-fixation, p. 274 -Praelienl applieatinns of the eomple- 
ment-fixation phenomonon-the Wnss(>rmann react mn, ]). 
Technic of the Wussermann reaction, p. 2.H-1 rohlems mvolvjH! 
in the standardization of the Wass<*rrnann reaction, p ^ 

modification in the strength of tlie Bordet- V ahsermann te.st during 


treatment of syphilis, p. 206. 


INnOTIOK 

PhraoawiM of Infwtton.-Wlien microorKanira* (fain entrance into 
the animal or human body, multiply and produce “ 
or diaease, the proceos is spoken of as infection The mere PJ^« » 
microorganisms in the body does not constitute ^ 
be aHe to reproduce and injure the tissues of <>l« 
a progresmTO phenomenon, and our conception o 

the moiitli, may be noraal. Although the body am exiwaed 

cavitrA a;e sterile at birth, within 

mucous membranes, as well as the entire alimcn ^ nemsti 

taminated with many varieties of bacteria, , although^t has 

throughout life. It \theref-e regar^^^^ 
been shown, experimentally, that it is not y 
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of the various surfaces harbors a more or less constant type of bacteria. 
Thus the presence of streptococci is to be expected in examining tlie 
secretions about the mouth and throat. The colon bacillus is found in 
the contents of the large bowel; staphylococci are nearly always eii. 
countered on the skin surface, and Dbderlein’s bacillus in the vagina. 
These organisms l(‘ad a saprophytic existence in these locations during 
health, although many of them are quite capable of producing disease 
when conditions are favorable. 


It is therefore evident that factors other than the mere presence of 
the mieroiirganism are involved in the production of infection. Grant- 
ing that a certain organism may be pathogenic, i.e., able to cause disease, 
it must find a suitabh* path of entrance into the body, and arriving 
there, must seek a location in which the environment is conducive to 
its growth and multiplication. It is well known, for example, that 
infection witli the typhoid bacillus occurs in the great majority of in- 
stances,. if not in all, by the ingestion of the microorganism with food 
or drink. Its path of entry is thus by way of the alimentary canal. 
St«phyloc,o(;ei, on the other hand, usually gain entrance through the 
skin by way of hair follicles or through an abrasion. Having made 
their way into tlu* blood or lymph .stream, or into the tissue spaces, the 
invading organism may find it.sclf at once in a favorable environment and 
begin to multiply and set up an irritation. Such would likely take 
place m the case of staphylococci, whereas typhoid bacilli would prob- 
ably locate Jn the lymphoid tissue and in the gall-bladder. Pneumococci, 
V '"ir.; Tf ''y Wle. and therefore could not snr- 

Hneh ton »rt oxtremely favorable conditions in 

such localities as the lungs, meninges, and serous cavities. 

"‘at microorganism should gain en- 

“"‘‘•'mn.sm of the host must he reckoned with, as well as the 
diffennu in vinilenep or invading power of the various strains of the 
same s, es of l,a<.teria. If the balance of powiririn favor of 
invader. It may multiply and eai)«« disease bv progressively invadiin' 

eiZl a what is 

remain tocalired or i * " * ®''S*‘>i‘sms, as the diphtheria bacillus. 

tacking: 

at the~thnr 7 " "'"7>."'-8ani«ms may be present in a lesion 
The mrniti!!n of 5 f, .r‘'‘ infection.” 

nomena of certain ca.ses of infeet^Z “ studying the phe- 

gain entrance sim.iltai.eonsfv, or o.ie ly fXw uJonTh 

«.d gas gangrene. Recently Ketter and S^XrriLtSra“*U*‘^;! 
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jj.-rald * hEV6 reported eases of meningitis in which both the mcningo*^ 
f ^ccxiB and pneumococcus have been isolated from the spinal fluid. An- 
thrax pustules commonly harbor staphylococci and s’trcpt(»coeci as well 
as the Bocillus dnihracis. Occasionally the secondary invader entirely 
replaces the primary infecting organism. There is much evidence to 
support the view that such is the case in many instances of cholecystitis 
in which the original streptococcus makes way for the colon bacilhis. 

In cases of mixed infection) the administration <»f specific therapy 
in the form of serum or vaccine should, if possible, cover each organism. 
In the case of serum, this is not often practicable, as sati.sfactory aera 
have not been prepared for many types of organisms, but polyvalent 
vaccines are much more easily secured, and in cases where vaccine 
therapy is indicated, observers are agreed that each variety of bacteria 
involved should be represented in the preparati(»n used. 

Bacteria may be conveniently divided into two classes — ^saprophytes 
and parasites. The saprophytes are those bacteria whicli live upon dead 
organic material. Parasites, on the other hand, thrive best upon the 
living tissues of the animal organism. A strict classification into these 
two divisions cannot be made, as many parasites can and do live a 
saprophytic existence for extended periods of time. Thus, the Slrrp* 
iocooeus viridans is present in the normal mouth, living upon food par- 
ticles and debris about the teeth and tonsils, but it has been shown * that 
those organisms are capable of living a j)uri»ly parasitic existence, and 
of causing serious pathologic conditions as a result. The majority of 
the pathogenic bacteria belong to the class of parasites, but strict sapro« 
phytes are often capable of producing <lisease. Thus organisins of a 
putrefactive nature may gain entrance into the uterus, in which frag- 
ments of placental tissue are retaiue<l, and thriving upon this dead 
matter may elaborate poisons which are the result f)f their activity in 
protein cleavage. These poisons are not true toxins product'<l by the 
bacterial cell, but are the by-products of putrefactiem fd the placental 
tissue, \fhen absorbed into the blood stream they may give rise to 
serious toxic disturbances. On the other hand, the liaciUvs hotufinus 
will thrive outside the body, upon dead organic matter, such as canned 
vegetables, sausages, etc., and elaborate by its cell-activity a true toxin 
which, upon its ingestion, will cause the most profruind intoxication of 


the subject. 

Nor can bacteria be strictly divided into pathogenic and non-path- 
ogenic varieties. Many species are regularly elassifj(*d as n(»n-pathogeTiic. 
and yet have been shown to posses.s pathogen ie power, utuhT certain 
conditions. Thus Vaughan® has shown that dead cultures of BariUu^ 
suhiilis, when suitably treated and injected into an animal, can prfKiuce 
toxic symptoms which he ascribes to the toxic portion of the bacterial 
protein. Thiele and Embleton® claim to have been able to P^^ducc 
granulomata in animals by live culture,s of the BanJ us p 
laboratoiy we ’ have ahown that cultures of SirtplocMrus 
nonoal mouths, when injected intravenously into 

to a variety of lesions, more particularly myocardial and endocardial. 
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t«B. howevor, i« not « «»tirf«ctoty one, M no hard -and-^ _r ^ ean 
be Uid down in it« me. It is more preferable to remen^tar ttot all 
mi d^ are inMim. Whether they are tranamitted dnree% 
rMr«^r^peJ;^ «pon the viability of the organiem onts.de to 
body, tiiwn Us resistance to heat and cold, l#t, 
cnltural charactcristicg. In cases of chronic bacteremia, m which the 
organisms may be isolated from the blood over long time, i 

ia not because the bacteria are proliferating in the blood strMm, but 
because they are being thrown out into the circulation f roin foci mtu- 
ated in the heart valves and other locations in the tissues. It has been 
demonstrated in our laboratory and in that of Zinsser wd others that 
a bacteremia is difficult or impossible to produce in rabbits, wtil a amt- 
able focus of infection has been established at some point, from which 
the bacteria are constantly being supplied into the circulation, where 
their life is comparatively short. There is much evidence of a cUni^l 
nature to support this view. We have seen cases of otitis media with 
a streptococcic bacteremia, in which the blood became sterile after the 
focus of inf cd ion had been eliminated. Zinsser * mentions similar cases. 
He also suggests that many cases of chronic bacteremia offer a better 
prognosis than was formerly supposed. This point was emphasia^ by 
OiUe, Graham and Detweiler* in cases of chronic bacteremia associated 
with endiHsarditis. It follows, therefore, that the blood is mote or less 
antagonistic to the growth of most microorganisms. 

Tlw Path of InfoctloiL— As stated before, the path of entrance of 
bacteria into the body is of great '...iportanee in determining the effect 
upon the host. Certain microorganisms seem to have no power of 
infectivity when introduced by routes which, with other species, are 
extremely effective. Thus, wlien typhoid bacilli are rubbed into the 
skin, which has previously been scarified, no infection of importance is 
likely to result, whereas the same organism entering by the alimentary 
canal gives rise to the infection known clinically as typhoid fever. The 
anthrax bacillus is very likely to produce a severe reaction whether it 
is introduced through an abrasion in the dtin surface, inhaled into the 
lung, or swallowed. 

In a general way, ouce any pathogenic organism has gained entrance 
into the tissues it multiplies and, invades the surrounding areas. The 
tissue fluids, together with the serum and lymph with which the part is 
bithed, exert an antagonistic action against the invading organianu 
In th» they are as^ed by the leukocytes. If the balance of power » 
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favor of the host, the growth of the bacteria is inhibited, or com* 
, .( tely stopped, those remaining die, and any damage done to the tissue* 
I repaired. If, on the other hand, the balance of power is in favor 
of the invaders, they may progressively involve larger areas of ad- 
jacent structures, or they may gain entrance into the blood stream, 
producing a bacteremia. "When a patient is suffering from a bac- 
t<‘remia in which the outstanding feature of the clinical picture is the 
intoxication resulting from the bacterial poisons in the blood, the term 
St piicemia is used. 

Often a focus, such as an infected wound of the hand, may not 
succeed in giving rise to a bacteremia or septicemia, but the organisms 
may spread by way of the lymph channels. Rod streaks up the arm 
are the clinical evidence of the resulting lymphangitis. Having reached 
the glands in the axilla, the bacteria are filtered out of the lymph stream, 
but may succeed in establishing themselves in the gland tisstie itself, 
resulting in a reaction varying in severity according to the virulence 
of the organism and the resistance of the host, from a slight infiam* 
mation with swollen and tender glands, to actual abs(‘08S-formation. 
When the microorganisms, carried by the circulation, gain footholds in 
various parts of the body, giving rise to metastatic foci of infection with 
necroses or abscess>formation, the condition is spoken of as ptjtmia. 

The path of infection in cases of epidemic cerebrospinal meningitis 
has been the subject of much study, but so far n(»thing definite has 
been proven. The general opinion, however, prevails that the rouU» 
is by way of the nasal passages, by lymphatics or by the hlomi stream 
to the meninges at the base of the brain. Certainly in examining “con- 
tacts^' for carriers, it is found that the mucous membrane of the nose 
and throat is the only source from which positive reHulls are obtained. 

Having discussed the importance of a consideration of the avenue 
of infection in a general way, we may now take up systematically the 
various anatomical structures through which the invading organism may 
enter. * 

1. The shin and adjacent mucous membranes harbor many bacteria, 
especially in areas where moisture and warmth an* present. From its 
constant contact with surrounding objects, the skin becomes contami- 
nated with microorganisms from the air, water ami soil. Most of the^ 
are non-pathogenic, but from the habitual presence of some of them in 
the minor lesions occurring in the skin — such as stitch-hole abscesses, 
acne pustules, eczema, etc. — it is held by many observers that they are 
contributory if not causal agents in their production. E.xamplc*ai of such 
organisms are Staphylococcus albus (epidermidis). Bacillus subtilis, 
Bacillus xerosis, and other so-called diphtheroid bacilli. . , . ^ * 

More important than these, however, are mieroiirganisms which flnd 
temporary lodgment on the skin, such as Staphylococcus aureuSt pneu- 
mococci. gonococci and the spirochete of syphilis. It is the opinion of 
the majority of observers that these organisms must gam entrance 
through abrasions in the skin or mucous membranes and cannot cause 
Infection where the epithelium is intact. We must keep m mind, how- 
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ever, that the Staphylococcus aureus may fina a path along a hwr fol. 
liclc, and there is much evidence in supporting the view that the Spi. 
rochaia pallida is able to produce a chancre where the akin has been 
unbroken. Certain fungi, as the microsporon and trichophyton, are said 
to invade the intact superficial epithelium and gradually spread to the 
deeper structures. 

Infection through the skin by the agency of suctorial insects has 
received much attention, in view of recent researches into the etiology 
of typhus fever, trench fever and spirochetosis icterohemorrhagica. It 
has been quite definitely settled that these diseases are louse-borne, and 
the avenue of infection is the same as in malaria, the plasmodium of 
which gains entrance through the bite of the Anopheles mosquito. 

2. The conjunctiva harbors such microorganisms as the Staphylo- 
coccus albus and Bacillus zerosis almost constantly, but is usually re- 
sistant to infection. The commoner bacteria which may set up an inflam- 
mation there are the gonococcus, pneumococcus, bacillus of Morax- 
Axenfeld, Koeh-Weeks bneillus, and Bactllus diphtherioc. 

3. The tonsils and alveolar sockets of the teeth form excellent atria 
through which streptococci, particularly, reach the deeper tissues and 
the blood stream. The tonsillar crypts harbor debris and various types 
of bacteria, particularly Streptococcus viridans. If for any reason the 
tonsil b<*eomc8 unhealthy and enlarged, the natural barriers are broken 
down to a greater or less extent, and the bacteria may invade the ton- 
sillar tissue, either producing a local infection of the tonsil, with pockets 
of pus, or gaining entrance to the lymphatics and the blood stream, and 
may give rise to foci of infection in distant parts — as in the endocardium, 
gall-bladder or kidney. 

Similarly, the condition known as pyorrhea alveolaris arises from 
the lodgment of food particles and bacteria between the tooth and the 
surrounding tissue. The mechanical separation of these tissues from 
the neck of the tooth, by careless brushing or more often by neglect, 
frequently furnislies the first step toward the successful invasion of 
the tissues liy the microorganisms present in the mouth. Sometimes 
the infection is found at the apex of the tooth, the bacteria having 
gained entrance hy way of a diseased or empty root canal after the in- 
fection or death of the pulp These foci of infection have received 
much attention in recent yr«rs, and are believed by many to be the cause 
of numerous conditions sneh as endocarditis, chronic arthritis, nephritis, 
gastric ulcer, cholecystitis and appendicitis. The striking feature with 
regard to these dental foci is the comparative insignificance of the lesion 
in view of the extensive damage it may indirectly cause in other parts 
of the body, 

IfiJ'PfPly due to the work of Billings that the attention of 
clinicians and laboratory investigators was directed to the importance 
of tonsillar and dental foci of infection, and their relation to systemic 
diseas^j Hc^ calls attention to the researches carried on by himself 
and his ass^iates in this connection. He finds that foci of infection 
are reaponaible for many such general diseases as aente and chronic 



INFECTION 


20$ 


rhciimAtism, goiiorrheal arthritis, endocarditis, myositis, myocardilii, sep- 
neplufitis, yisceral degeneration, thyroiditis, pancreatitis, peptic 
ulcer, duodenal ulcer and cholecystitis. Rosenow believes that vari- 
ous strains of streptococci possess elective affinity for certain structures 
or tissues, and that, given a focus of infection, the streptoi^occi therein 
contained, depending, on the phase of mutation in pathogenicity, and 
tfie affinity of the strain, may produce sucli systemic inetastases as 
Billings enumerates. His views are supported by various of his pupils, 
Kueh as Moody Oftedal,^® and Irons.^* 

Rosenow ’s claim as to mutations wilhiii the atrepto-pneiimococcus 
group have not received general confirmation, and his further state- 
ments as to elective localization of streptococci have been neriously 
(picstioned by a number of workers. Ilenrici *'* foiuid that rheumatic 
lesions in rabbits are produced in equal proportions by both hemolytic 
and non-hemolytic streptococci, and he does not recognize any strain 
as specific for rheumatic fever. 

Detweiler and Maitland found as the result of numerous experi- 
ments that they could not substantiate in full Rdsenow's claims ea to 
the elective affinity of these microorganisms. A few strains showed a 
rather remarkable constancy in location and type of lesion, but these 
strains were greatly in the minority. The location of the lesions in the 
inoculated animals seemed to boar no relation to the origin of the atrepto* 
cocci, or to the lesions produced in the patient from whom the strain 
was isolated. 

Hartzell and Henrici'^ call attention to the importance of peridorifal 
foci of infection, and their experimental work is of great interest in 
connection with the relation of such foci to metastatic louiona such as 
arthritis, myocarditis, etc. 

4. Foci of infection may occasionally be detected in the antrum 
of Highmore, and in the accessory sinuses of the nose. These foci are 
sometimes responsible for distant lesions in much the same way s* sre 
the dental and tonsillar foci, but their occurrence is iif>t so frequent. 

5. The trachea and hnigs form the [jortal of entry for varioim or- 
ganisms, often leading to .serious disease. Thus the predilection of the 
hacillus of Bordet and Gerigcui, for the traclieui muejous membrane.^ in 
cases of pertussis, is well knowni. ft is also believed by the majority 
of observers that the tubercle bacillus, in pulmonary enses, gains en- 
trance through the respiratory tract. It is inter(‘fiting to note the re- 
lation of the trachea and bronehi to the recent epidemic* of infiiienza. 
While the bacillus of Pfeiffer could not always be isolated, it was found 
in a large number of cases in the sputum, and in the sftcretionii ob- 
tained postmortem from the bronchial mucosa. In view of the aimoiit 
constant presence of a cough, and of other signs of respiratory infec* 
tion during the disease, whether pneumonia developed or not, it is 
likely that the infection is primarily one of the trachea and large bronchi. 
The fatalities were due to pneumonia. It was unusual to find linciUus 
influenz€B in the lungs in these cases, but pneumococci and streptocwcl 
‘'•oald be demonstrated in nearly every instance. It would therefore 
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tppear that these orgaaiams, present in the month and throat aa aap-’o. 
phytes, begin to invade the lungs after the soil has be^ prepared, as 
it were, by the Pfeiffer baeiUns or by some unknown microorganism as 
a flltrable virus. In other words, they are secondary invaders, becoming 
parasitic, not because their virulence has been raised, but because of 
the lowered resistance of the tissues involved, as a result of the damage 
done by the primary infecting agent 

6. The acidity of the gastric juice renders the infection of the 
tissues of the stomach more difficult than those of many other organs. 
This is owing to the antiseptic qualities of the acid. Nevertheless, 
atreptococci are found in the bases of the majority of acute and chronic 
gastric ulcers, and are presumed by Rosenow to be the etiologic factor 
These organisms are believed by this observer and by others (notably 
Billings) to reach this location by way of the blood stream, having 
gained entrance from foei of infection in the tonsils, teeth, alveolar 
pockets, or elsewhere. It has been definitely shown, however, that or- 
ganisms, as for example the tubercle bacillus, may pass from the lumen 
through the undamaged mucosa of the intestine to the tissues beyond. 
Typhoid bacilli reach the intestine with food and drink, being ap* 
parently ahle to withsland the action of the gastric juice. From the 
lumen they pass through the mucous membrane into the blood stream. 
It is doubtful if these organisms infect in any other way. 

Somewhat similar to this is Adami’s explanation of the action of 
Bacillus coli in pathologic conditions of the liver and other tissues. Ho 
contends that through a mucous membrane damaged by various causes 
—as excessive use of alcohol — ^the colon bacilli pass into the portal cir- 
culation and are carried to the liver. Here they lodge in endothelial 
cells in the capillary walls and later throughout the liver cells. Owing 
to their poor invasive powers, these organisms fail to multiply, and 
thus they produce no infection, but as they die and undergo digestion, 
they liberate endotoxin which irritates the surrounding tissues, caus- 
ing the latter to react by the formation of connective tissue. Such a 
series of events, in which the main features are the failure of the bacteria 
to multiply, and the reaction on the part of the tissues to the endotoxin 
liberated by the disintegration of the microorganisms, is called ‘*sub- 
infection,'* a term suggested Adami. 
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THE PROBLEM OF VIRULENCE 

The word pafhcgenicity refers to the power of an organism to pro- 
duce disease. Thus Staphyloeocms pyogntrs aureus is pathojpeiiie for 
man, inasmuch as it possesses the power to produce abscesses, funmeles 
and many other forms of infection, inehidinpr a very fatal form of sep* 
ticemia. Yet certain strains of Staphylococcus pyogenes aureus do not 
readily produce disease unless conditions are altoirether in their favor. 
Other strains may attack and successfully invade apparently healthy 
individuals, producing^ in a short time very serious disease. The (Treat 
facility with which various strains of the same species may produce 
disease, while other strains, thoufrh pathoprenie, lack this facility, makes 
it necessary to introduce another term — namely, virulence, A virulent 
strain, therefore, is one which possesses the ability to infect readily and 
severely. A pathogenic organism which has this power in much less 
degree is said to be of low virulence, and is deserihed ns avirulent, or 
non-virulent. 

Not only may different strains vary in vinilenee, hut the same strain 
may change from time to time in this respect. Cultivation on arti- 
ficial media often reduces the virulence in a comparatively short time. 
Sometimes it is necessary to culture the organism in an unfavorable 
environment. An example of this is shown in Pasteur’s method of re- 
ducing the virulence of Bacillus anihracis by growing it at a low tem- 
perature (20® C.). Animal passage, on the other hand, often raises 
the virulence to a high degree. This, in effect, is what happens during 
fin epidemic of any infectious disea.se. It is believed to be an important 
factor in the present severe pandemic of influenza. The virulence of 
a given strain of microorganism depends upon two variable factom: 
(1) the toxic properties of the bacteria, and (2) its aggresaivenew*. or 
invasive power. 

The toxic properties depend on the kind and quantity of toxin or 
poison which is elaborated. Certain bacteria secrete a toxin during 
life. It is soluble in the media or surrounding tissue, and therefore 
is found outside the bacterial body. This is called a true toxin or 
^‘xotoxin* Such a toxin is produced by the diphtheria bacillus, as 
well as Bacillus tetani and one or two others. The majority of path- 
' 'genic bacteria, however, are incapable of secreting an exotoxin. Their 
• oxicity depends upon a poison which is wholly within the bacterial 
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celi, and wbieh is only liberated when the organism dies and under- 
goes disintegration. It is in this way that BaciUua iyph^sua and the 
pneumococcus produce their profound toxemias. Such a poison is termed 
an endotoxin. 

By aggressiveness is meant the ability of a mieroorganism to invade, 
multiply, and flourish in the tissues or tissue fluids of the host. This 
ability must not be confused with toxicity. In most microorganisms 
the two are intimately associated, but there are one or two excellent 
examples which readily indicate the fundamental differences involved. 
Thus the bacillus of diphtheria and the bacillus of tetanus produce 
powerful toxins, which rapidly bring about most serious conditions in 
the host, yet these bacteria possess only slight aggressiveness, being 
seldom foiind except in the localized areas of infection. On the other 
hand the bacillus of anthrax is highly aggressive. This is readily 
shown by the facility with which it penetrates into the blood stream 
and is (carried into all tissues of the body. Sections of tissue from 
all the organs illustrate how the bacillus flourishes everywhere. Never- 
theless it produces little toxin, and infected animals usually show slight 
signs of toxemia until very sh(»rtly before death. Many observers be- 
lieve death to he due in these instances largely to the mechanical block- 
ing of the capillaries with the antlirax baciUi. 

Thus the two terms, toxicity and aggressiveness, must be regarded as 
separate and distinct, and their combined influence may be summed 
up m the term virulence, which in turn represents the total disease-pro- 
ducing power of a strain of microorganisms. 

Whilfl cprtnin haderia possess an inherently hifrh invasive power, 
U was shown by Koch that others acquire it under certain conditions. 

’7*’",'”" '** injected intraperitoneally with a fresh 

drill n snecumbs quickly to an acute attack of the 

‘his on the hypothesis that bacteria 

“ Ln or hf r“'l'r "■*’'1;^' bodies 

wilch s~«^ » ^ '««hooytes, prevent phagocytosis, 

bac eria w^nl. r action on the part of invading 

celt Th f"nn«ia„.d the hypothesis* that bacteria, as living 

theil ho«? T ^ * 1"^ to the defensive forces of 

tibodies of tlik ruifnvn . iion. Kolmer regards aggressins as an- 
te the coridition« 1 * / that they are produced according 

marirLJ r ! hypothesis. Zinsser* sum- 

marim the basic principles of BaiUs theory as follows: 

teria iu fundamentally from non-pathogenic bac 

bodv and to nrni;f ^ protective mechanism of the animal 

body, and to proliferate within it. They accomplish this bv virtue 

^^retio ^ wh ich acts primarily by protecting them against phago- 

k (referred to by Kruse * as ‘lysina’l were 

named by BadWessins.’ The production of aggressins by Soi^ 
gem. ,s probably absent in test-tube cultures, orfat any ra^SS 
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repressed under such conditions^ but is called forth in the anithal body 
the influences encountered after inoculation/' 

BaiUs theory has been attacked by different ol)servera, notably Waa- 
rmann and Citron,® who claim to have shown that much of the *'ag- 
irrcssive*’ character of Bail’s exudates is the result of the presence of 
bacterial poisons liberated by the disintegration of the niicroar^ranism 
MUidotoxins). I'hey claim to have dcnionstrat(*<I a similar action in 
aqueous extracts of bacteria. Citron® also demonstrated the pn*^*nce 
of free bacterial receptors in Bail's exudates, by use of the complement^ 
fixation method of Bordet and Gengfou. 

Zinsser and Dwyer ^ have made certain experiments wliich seem to 
indicate that Bail’s aggressin may be in the nature of an annphylatoxin. 
Their anaphylatoxin, when added to an emulsion of bacteria, will <*on- 
vert a sublethal into a lethal dose, and the method of production is 
similar in principle. Nevertheless it does not explain the immunity 
produeed in animals by Bail’s method. 

While it is true that aggressin, endotoxi?i. and anaphylatoxin all 
increase the effect of a sublethal dose of bacteria, it is likewise true 
than many indifferent proteins will also exert a similar influence. Thus, 
Ricketts and Kirk found that a small quantity of egg albumen, broth, 
or normal serum, when injected into white mice, di‘crcnse the resistance 
of the animals to a concomitant inoculation with tetanus toxin. Bo. 
also, it is found by Caulfcild® that the sinmltauemis injection of the 
toxin of Bacillus welchii with an emulsion of Barillus influrmtr into 
guinea pigs will increase the invasive powers of the influenza bacilhia, 
Wbether the foreign substances preengage the attention of the leuko- 
cytes, so that they have leas opportunity to absorb ami digest the 
bacteria accompanying the injection, or whether tin* foreign substances 
minimize the direct action of the leukocytes on the bacteria by their 
general toxic properties, or, lastly, wbetber these substances merely 
lower the general defensive mechanism of tljc animal body by de- 
pressing T:he antibody-producing cells, is not definitely known, Prob- 
ably all these factors are at work. It is certain, however, that virulent 
strains of bacteria are not readily phagocyted, while nnn-virulent strains 
of bacteria are ingested in large numbers by the same leukocytes. It 
is possible that this fact bears some relation to the phenomena of so- 
called positive and negative ehemiotaxis in the body. Ind(‘ed, Adami 
assumes it to be the same thing. 

In connection with the problem of virnlenee, tlx* work of W alker 
is exceedingly interesting. After cultivating the typhoid bacillus upon 
media containing the serum of an animal immune to this organism, he 
found that the culture had gained in virulence, an<l was less readily 
agglutinated by the immune serum. Moreover, the protective dose m 
immune serum for an animal inoculated with the organism thus treatesa 
was much larger than that required to protect the animal from infec* 

tion with the untreated typhoid bacillus. i -n- * 

Similarly Danysz« showed that by growing anthrax bacti t in a 
medium containing arsenic, it was possible to increase their tolerance 
VoL. I.— 14. 
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to this drag as much as fivefold. So, also, Ehrlich was able to develop 
a strain of trypanosomes which had a remarkable tolerance for atoxyl, 
Akatsu and Noguchi “ immunized Treponema pallidum agaipst lai f^e 
doses of arsphenarain (salvarsan), while Oppenheim ** likewise found 
that certain strains of Treponema pallidum may acquire a resistance 
against arsphenamin. 

More recently Rosenow claimed to have demonstrated the presence 
of protective substances for pneumococci, by growing virulent strains 
in serum broth. An extract from such a culture would protect avirulent 
pneumococci from phagocytosis. By leaving avirulent strains in con- 
tact with such extracts for 24 hours, it was possible to change them 
into virulent strains. These extracts were supposed by this author to 
contain **virulins” wliich appear to resemble, to some degree at least, 
the aggres.sins of Bail. 

These observations, therefore, tend to support the view that under 
certain conditious, microorganisms may develop an immunity on their 
part toward the defensive mechanism of the animal body, just as the 
latter is definitely known to produce antibodies antagonistic to the 
invading bacteria. 

A discussion of the qiie.stion of virulence would be incomplete with- 
out reference to the significance of capsules possessed by certain bac- 
teria. Many observers have noted that pneumococci, when freshly iso- 
lated from the lungs in cases of pneumonia, are much more virulent 
than after artifi(?ial cultivation. Coincident with this lowered virulence, 
is the loss of the capsule, which reappears on animal passage, as does 
the virulence. This, in itself, would not be especially noteworthy, be- 
cause the pTieuniococen.s is typically a capsulated organism. But when 
it was found that capsules could often be demonstrated in cultures of 
bacteria not ordinarily posses.sing such capsules, if their virulence was 
raised by anirnal passage, it was believed that the two properties had a 
definite relationship. This phenomenon is exhibited by suitable cul- 
tures of anthrax bacilli, streptococci,^® and plague bacilli.'® 

Toxins {BacteriaJ Poisons ). — tlie harmful effects of bacteria are 
brought about in aln>ost every instance by the poisonous chemical sub- 
stances produced in some wji; by their metabolic processes. As we 
have mentioned in another place, there are possible rare exceptions to 
this rule, as in eapillarv emboli in anthrax septicemia, where the 
death of the animal may be attributed to mechanical harm, but we may 
assume that save for a few instances, bacteria depend for their destructive 
properties upon chemical means. These poisonous chemical products 
are conveniently classified by Wells'' into four groups; 

1. ^ Products of the decomposition of the media upon which the 
bacteria are growing; among these the best known are the ptomains. 

2. Soluble poison.s manufactured by the bacteria, and secreted from 
the cell into the surrounding media — the true toxins, dr exotoxins, 

3. Poisons m^ufactured by the bacteria, which do not escape from 
the normal bacterial cell, but which are aa specific in their poisonous 
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Timpfiiti** true toxins; because of their intraceliular situatton 

they are eaUed sndotaxin$. 

4. Poiacmous protein constituents of the bacterial cell, ’which form 
part of the cell protoplasm, but which are not soluble, and the poisonous 
j'fTects of which are not specific and not usually responsible for disease ; 
these are called IfoeUrial proteins. 

The Ptomains.* — These are definite chemical compounds of a nitrogr- 
onous nature, and may or may not contain oxygen. The simpler forms 
contain only carbon, hydrogen and nitrogen. Examples of these arc*. 

Methylamin (011, ) ,NIL 
Dimethylam in ( 0 11 ) N H 
Trimethylamin (Cn.,)N 


Prom these formul80, it is obvious that these simple forms are am- 
monia substitution products. Ptoraains of more complex structure in* 
elude putrescin (C4H12N2) and cadaverin f 0^.11, jN.^). Many of the 
simpler ptomains have little if any toxic effect. 

Ptomains were at first thought to be responsible for the t(»xic effects 
of bacteria, but were soon found to exist apart from the bacteria them- 
selves, i.e., in the media. In this they resemble the true toxins, but 
here again a fundamental difference exists in that ptomains are not 
specific, while toxins are highly specific. Ptoraains differ in structure 
and action, according to the media from wliicli tiny arc derived, whereas 
toxins produced by a given bacterium always possess the same proper- 
ties, no matter what the media. It is <l()ubtfnl if ptomains are ever 
produced in appreciable quantities in the living tissues. They arc com- 
monly found, however, in putrefying meat, cspcciHlly in imperfectly 
canned meats, sausages, decomposing fish, clieese, ice-cream and mtik. 

Although cases of food-poisoning are not uncommon, it is quite seldom 
that one finds the intoxication due to ptomains. Many of the eastm are 
caused by^infections with BacMhis enterifidis of Oiirtner and with other 
bacteria related to the eolon-t3Tihoid group, such as BarMfus para- 
typhosus. These organisms contaminate the meats and pn)duce an 
intestinal infection which often is erroneously called ptomain poison- 
ing. Then, too, canned vegetables have been found by Dickson *• in 
many instances to contain cultures of BncUhts haiuUvus with its power- 
ful toxin. Indeed, this bacillus was so named because of its (»ceurrence 
in sausages. 

Vaughan, however, isolated a poisrmous ptomain from chc^ and 
ttiilk, and it is believed by some that similar substanees may be liberated 
in the intestines as a result of bacterial putrcfiiction of food incident 
to faulty digestive conditions. Zinsser suggests that the antagonism to 
such intestinal putrefaction by the acid pnaluctimi of riaedlm hulgan- 
cus is the basic cause of any favorable therapeutic effects observed m 
Metchnikoff’s sour milk theory. 


• For a eompreheaslve consideration of the * 

the reader ia referred to Vaughan and Novy, C vliuiJir 
Philadelphia, 1902. 


Tftxiu'*, ' ’ 


/)f the ptomain#, 
U'a St Ffbiger, 
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True Toxins {Exotoxins). ^These are soluble products excreted by 
the bacterial cells into the culture media surrounding th^. They are 
thus obtained in the broth filtrate of a culture of Bacillus diphtheritf^ 
and therefore may be handled quite separately from the organism pro. 
ducing them. They are, so far as is known, uncrystallizable, and in 
this way differ from the ptomains. They are precipitated along with 
peptones by alcohol, and also by ammonium sulphate, and in this manner 
may he obtained in a concentrated form. 

Not all bacteria excrete toxins. The best known examples of toxin- 
producers are the diphtheria, tetanus and botulinus bacilli. The toxins 
of these microorganisms are highly specific, and have the power of ex- 
citing the production of specific antitoxins when injected into animals. 

Toxins are relatively unstable, deteriorating rapidly when heated 
or frozen. The individual characteristics of the more important toxins 
will he discussed in a lat(?r section. 


Endotoxins. — These poisons, like the exotoxins, are specific, but are 
hound firmly to the bacterial bodies during life. Pfeiffer showed 
that cholera spirilla apart from the broth in which they were grown 
^re strongly toxic. They are only released upon the death and dis- 
mtegraf ion of the bacteria, whether this occurs within the animal body 
or tn mtro. Unlike the true toxins, they do not excite the production 
of antitoxins when injected into animals. 

The prcat majority of pathogejiic bacteria do not fom true toxins, 
I* that they all possess in their 

it. or the requisite sub- 
^"7"- 7 disinteprration of the bacterium occurs. 

Doi^.n tlir '"^7 this bacterial 

.. 7 bacterial cell, or as pro-endotoxin, 

which upon liberation becomes endotoxin 

oeptl™w;SrT7“^’"?’’ 7"^* "P”" the endotoxin con- 

S ^ splift tL ^^ho showed that proteins 

Cic and he7.ti „ 7 "• m two fractions, one 

^ b^t “ true of all proteins, including 

^.XoitrfnofsnS K !'■" that these toxic split 

erties of the endotoxins ’ Tlim7r* ”'“'m Pharmacological prop- 
quantities of toxic sniif ■ ' t’y the injection of suitable 

See” si h. teZc! ««itures of BaoiUu» subtUis, to 

S“Mce rthst '’'“’ted, bore a striking re- 

of typhoid bacilli diffe*',i"^ fever. The toxic portion of the protein 

by ftriuZno^ that tte toxic effect 

doe to the toxic cleavage products lib- 
«*tod by the bactena dunng their destruction. Path^Lit^ S 
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therefore dfij^nd altogether upon the invading powers, or aggrcssivcs 
nf*ss of the microorganism, and not upon any specific toxic acticoi. They 
t'xpiflin the occurrence of characteristic courses of the various infee* 
tious diseases, with their differences in type and degree »»f tempera- 
ture, symptoms, etc., as due to the location and 8c*ieetive action of the 
particular mieroorgatusm concerned. Vaughan suggests also that spec- 
ificity of germs may depend upon the non-toxic group in the protein 
molecule, as it is in these that one protein differs from another. He 
further states that the body ferments which cause the cleavage of the 
bacterial proteins in the different infectious (liscasf‘s ore specific. 

Method of Action of Bacterial Poisons.— In the case of the bacteria 
producing true toxins, the damage to the host is accomplished somewhat 
differently with the different types of inicrobrgHnisiiis. Diplitberia toxin 
is excreted by the bacilli which usually lodge in the mucous membrane 
of the throat. These bacilli practically always rcnmin bumlixed at the 
point of infection, but the toxins are absorbed into the circtilation. and 
unite with the various body cells, with resulting damage or death. This 
is therefore a case of toxemia. With tetanus toxin, on the other hand, 
the mode of distribution is quite different. Here, again, we have a 
focal infection at the point of entry of the bacteria, but in tins ease the 
toxin, having an affinity for nervous tissiu*. travels along the nerve 
sheath toward the central nervous system. Arrived there, it uniteM 
with the nerve cells and gives rise to the characteristie symptoms of 
tetanns. The toxin of Bacillus hotulinus is uni(|ue in tliat it is able to 
penetrate the normal mucous membrane of tlje intestine and thus cause 
symptoms, after the ingestion of contaminated food. Not cv<‘n the endo* 
toxin of cholera spirilla is absorbed in this way, and tin* same is Irtu* 
of Bacillus typhosus and of Bacillus dyaenferiu , at least in rahluts,*’'' 
and pos.sibly in man. Once in the circulation, however, the botulinus 
toxin attacks the nerve cells, and the characteristic sy»jpf<»rns and signs 
develop. %,The bacillus of botulism docs not gnnv in the botly, and for 
this reason there is no infection. All the growth, with the «daboration 
of the toxin, takes place outside the body, in the ('.on t a ruinated food 
material, and botulism is therefore, strictly speaking, not an infectious 
di.sease, but an instance of poisoning by the ingestion of a biological 
poison, instead of an alkaloid, as, for example, in tljc ease <if strychnin. 
Certain of the bacterial poisons exert tbeir toxic m tion upon the tissues 
of the organs which excrete them. Thus I‘^lcxn(‘r and Sw.-ct show that 
although the toxin of dysentery is unable to fu’oduee symptoms when 
introduced into the alimentary canal of rabbits still, once irijceicd ir»to 
the circulation, it is excreted by the inte.«tinal and drn-s con- 

siderable damage to the cells in the process of elnmnainm. It is con- 
sidered probable that a similar toxic action is prf-sent in the kidneys 
during excretion, although this is difficult to d(*rnor.stratc. Typhoid 
haciUi are excreted through the kidney tissue, and it is po.HSjble that 
the same occurs with tubercle bacilli and with other inicrwrgiiiiiwns. 
On their way these bacteria frequently set up fo^’i of infection m the 
kidney parenchyma. It U probable, therefore, that wh<*re the process 
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does not proceed so far as actual infection, a condition of ‘^subinfection * 
may exist, in which the endotoxins of the disintefrrating bacteria cso t 
their harmful action upon the surroundings tissue cells. 
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IMMUNITY 

Bcfcronne has frequently been made in the preceding pages to the 
opiwition on the part of the host to the infecting organism. Pathogenic 

XfXThf Tf"' ‘"''"f' resist suc- 

t^ffaef I It of ^ animal body. This accounts for 

inir ortran isms'" In ' to liave been exposed to infeet- 

the dw is t • f ’’ I’"'’'”'®- that 

Tiu dog JH r(.m,siaiit to irife tion by Bacillus tuberculosis ThU im 

TanT^t the example just mentioned; on the other 

for «ir ignorMM of the rt.tei.Mit is only . do., 

f"- »“"> it —Id he — K ct. iSr. 
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iission of this interesting and important property of the animal 

i. Natural Immunity in Species, Races, and lNomDUALS.—(o) it 
;s . vident to every observer that certain species are susceptible to a given 
ruicTodrganism, while other species may exhibit a remarkable resistance 
M the same bacteriuip. Thus the guinea-pig readily heeoroes infected 
hy an inoculation of tubercle bacilli, but the dog is relatively immune. 
The same is true with reference to the anthrax bacilli. It may be, as 
Xinsser' points out, that this variation is due to simple cultural differ 
(iices such as may exist between carnivorous and herbivorous animals, 
on account of metabolic conditions. It seems, however, that this simple 
ovplanation is not sufficient to account for many of iIjc case^ of species 
resistance, as many microorganisms are pathogenic for Imth carnivorous 
and herbivorous animals. In the case of cold-hlooded animals, there 
are varieties of bacteria against which the species resistance se<‘ms 
to be absolute. An example of this is the fact that it is impossible 
to infect turtles and frogs with anthrax bacilli. Here it is pt^ssihle 
that the essential factor is one of simple cultural conditions of which 
the most outstanding is that of temperature. This view is supported by 
the experiments of Gihier,^ who succeeded in infecting frogs with HarWus 
ontkracis when the frogs were warmed to 115® 0. 

In the majority of cases, however, species resistance is only relative, 
and may be broken down in a variety of ways. Thus, if the dose of the 
inoculation is very large, infection may take place where, under natural 
conditions, spontaneous infection would never occur. The same result 
may be obtained by previously or simultaneously lowering the gimcral 
resistance by chilling or heating, or by actual trauma. A sublet hal 
dose of Bacillus aerogenes capsnlatvs toxin will render a small dost* of 
influenza bacilli capable of producing severe infection in the guinea- 
pig, if the two are injected at the same time. 

The following tabulation by Zinsser® gives a clear conception of such 
differences exhibited by various species in relation to the more important 
organisms pathogenic to man : 

“Tuberculosis, human type. — Spontaneously infects man. ft is very 
often observed in monkeys kept in captivity. ('Httlc, swim* and sheep 
are probably never spontaneously infected : guinea pigs are highly sus- 
ceptible to experimental inoculation. Cattle, swine, sheep, and rabbits 
ure relatively very resistant to experimental infection. Dogs and goats 
are still more so. Birds .scorn to be entirely refractory. 

“Tuberculosis, bovine type. — Rpontaneous infection occurs in do- 
mestic animals, chiefly cattle; it is le.ss frequent in slieep. hogs atnl horsea; 
't has been reported in dogs and goats. In man infection does 
hut only a small percentage of human tultereulosis is of the bovine 
h' pe, and these cases are almost exclusively in children. In tabulating 
^M2 cases which have been carefully studied, Park and Krumwiede 
•'"port the following figures : 

•Park aad Kmmwiede. Jour. Mod. Ho»., 1910. *»hi. 
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Cases of Tuberculosis in Man (1,042) . 

Over 16 years — ^human type 677, bovine type 9, 

5 years to 16 years— human type 99, bovine type 33. 

Under 5 years — human type 161, bovine type 59. 

“The large majority of bovine infections were abdominal, or involved 
cervical lymph nodes. 

“Experimental infection is successful in rabbits and guinea pigs, 
both of these animals succumbing more rapidly to this than to the human 
bacillus. In fact, the relative resistance of rabbits to the human bacillus 
is such that rabbit inoculation is one of the most important methods of 
differentiating between the two types. Birds are refractory. 

“Tul)erculosis of the avian type occurs spontaneously in birds. It 
may be experimentally produced in rabbits (Strauss and Gamaleia). 
Tnjeeted into eattle it causes a local reaction only. 

“Tt(bcr<*ulo8is of cold-blooded animals is not transferable to warm- 
blooded animals. 

“Syphilis spontaneously occurs in man only. It can be inoculated 
into clvimpan 7 .ecs, in which primary and secondary lesions develop, 
corresponding mildly to human syphilis. Primary lesions can be pro- 
duced in lower monkeys. It can be transferred by intratesticular inocu- 
lations to rabbits. 

“Gonococcus infection occurs spontaneously in man only. No typical 
lesions can be produced in experimentally inoculated animals, although 
death can be caused by large doses, probably by toxic action. 

“Influenza bacillus spontaneously infects man only. Experimental 
infection is partly successful in monkeys only. (Pfeiffer and Beck, 
Dcutsch. med. Wchnsehr., 1893.) 

“Glanders. — Spontaneous infection occurs in horses and mules; leas 
frequently in sheep, goats and camels. This disease, like plague, may 
he regarded as primarily a disease of animals, but man may he in- 
fected by direct or indirect contact with the diseased animal. All do- 
mestic animals may be infected experimentally with ease, except cattle 
and rats, in which (?ases large tloses are necessary. Birds show local 
reactions onlv. (Wladimiroff, in Kolle und Wassermann Ilandbuch, 
Vol. V, 2nd Ed.) 

“Plague occurs spontr.’ieously, chiefly in man and in rats. It has also 
been found in Califorma ground squirrels, and in hogs, during plague 
epidomiivs in Ilong Kong. It is highly infectious for guinea pigs and 
for white rats, slightly less so for mice; rabbits are much less susceptible 
than giiinea pigs. Dogs, eats, and cattle are relatively resistant. Birds 
appear to be immune. Cold-blooded animals are immune unless arti- 
ficially warmed. (See above.) 

“Malta fever occurs spontaneously in man and in goats. It is path- 
ogenic for all mammals, but it is not fatal for lower animals when the 
organics are directly cultivated out of the human body. 

“Diphtheria, occurs spontaneously in man only. Experimental in- 
oculation is fatal in guinea pigs, rabbits, dogs, cats, and birds. Bats 



IMMUNITY 


217 


.„id mice are highly resistant. The typicri pseudomerabranons inflam, 
riiation can he produced in susceptible animals only after previous in- 
jary to the mucous membrane^ and then it rarely shows any tendency 
ta spread. 

“Tetanus is spontaneous in man, horses. eattJe, and sheep. It is found 
rarely in dogs and j^oats. Birds are highly resistant to experimental 
inoculation. 

“Anthrax is primarily a spontaneous infection of cattle, sheep, and 
horses; it occurs in man largely through dirt*ct or indirect contact with 
these animals. Guinea pigs, rabbits, and white mice are very suscepti' 
ble to experimental inoculation. Rats and hogs are less susceptible, and 
dogs are relatively resistant, although they can be regularly killed by 
moderate doses intravenously injected. Birds and cold-bloo/led animals 
are highly resistant. 

“Asiatic cholera develops spontaneously in man only. Rabbits an<l 
guinea pigs can be killed by injections of cultures, but die probably of 
toxemia. In rabbits a cholera-like condition has 1m'ci\ prodneeil by in- 
jection of the spirilla into the duodenum, after ligation of the common 
bile duct. (Nikati and Rietsch, Deutsch. med. Wchtischr., Vol. IT, 1884. 
613.) Ordinarily no multiplication takes place in the animal Ixdy. 
Pigeons are insusceptible, a fact which helps to distinguish this organism 
from Spirillum metchuikovi and other similar bird-pathogenic spirilla. 

“Typhoid fever occurs spontaneously in man only. It has recently 
been produced in a mild form in chimpanzees. Animals are su«t»eptible 
to the endotoxins, and can therefore be killed by injeetiems of bacilli 
and extracts, but the organism is not invasive, as in the cas* of the 
lower animals. Typhoid septicemia can be produced in rabbits by in 
oculating them wdth especially virulent cultures of the bacilli, or cul- 
tures previously grown on rabbit -blood agar ( (lay ) . The typhoid-<’arrior 
state may ensue for considerable periods in such auimnls. 

“Pne^ococcus infection in various forms occurs spontanermsly in 
man. Rabbits, mice, and guinea pigs arc highly susceptible. Rats, dogs, 
cats, cattle, and sheep are relatively resistant. 

“Staphylococcus and streptococcus infect iems may occur in almost 
all of the warm-blooded animals, chiefly as ahscess-prodiictTS. In horses 
a severe form of pleuropneumonia is caused by them. 

“Leprosy occurs spontaneously in man only. Lesions simulating 
human leprosy have been producecl in monkeys by inr>cuIation, and par- 
tially successful experiments have been made upon the Japanese dancing 
mouse. Other animals are iirimune. 

Scarlet fever occurs spontaneously in man only. Monkeys may pos- 
sibly be susceptible, though not all observers have been successful in such 
experiments. (Draper and Handford, Jour. Exper. Med., lyid, xvii. ) 
Landsteiner and Levaditi (Ann. de ITnst. Pasteur, 1911, xxv) have suc- 
ceeded in producing the disease in the chimpanzee, although tlicy failed 
with lower monkeys. , , 

‘^Small-pox occurs spontaneously in man only. If is probably iden- 
tical with cow-pox. (See reasons for this assumptir n given by Ilacius 
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a« dted by Paul in *£raus and Levaditi Handbuch/ ate., VoL I.) It 
can be experimentally produced in monkeys. 

** Measles develops spontaneously only in man. Macacus rhesus has 
been successfully inoculated by Anderson and Goldberger (U. S. Pub. 
Health Reports, 26, 1911). Other animals are immune. 

** Typhus fever occurs in man only. Experimentally it has been pro- 
duced in chimpanzees, MacaenSj Cercopithecus, Steles, and Mycetes 
monk^s. Anderson has succeeded in producing temperatuw reactions 
in i^inea pigs, by injecting blood from typhus patients, or from other 
similarly infected guinea pigs. More exact information concerning 
this disease will probably be available soon, if the reported cultivation 
of the organism of the disease by Plotz is authenticated. 

Yellow fever up to the present has been observed in man only. 

‘Poliomyelitis is spontaneous in man only. It can be transmitted to 
monkeys and, in a doubtful form, to rabbits. No other animals are 
fenown to be susceptible.” 


(i) The racial differences in resistance are also well marked, in many 
instances. Here, again, the factors at work are much more obscure than 
may be at first supposed. Cultural conditions are not sufficient to 
ocount for tlie fact that North American Indians are especially prone 

^ hTiTl the same suseeptiWlity. 

It JS well known that white mice and rats are more easily infected with 

lianra^rT animals. Mongo- 

Jians are said to be immune to scarlet fever, and Carroll * states that 

whi e people are more susceptible to yellow fever than are nSS- 

mrke l AuliSrv'’"'** T “ay al^ be quite 

iMreeil. All laboratory investigators are aware of the failure of cer 

others of £ IL"”"""'-*' *" T?"’ations of various organisms, while 

gSsfsiZiUtT' '’*® ®®"'® '^4' ®*hibit the 

tions, have promptly coItrliLSe ® 

able in the present pandemic of influ^rr S^eh 1 r'’T 
cannot always be exolainorl hv ti • **idividual resistance 

attack of tlfe^^m^d!sZ L 

main factor involved alth ..,n.h heredity is the 

the offspring may derive from the w”*/**** ^ '’®®® Proved that 

immune bodies /hid7f„r aTm^eoifer at 

well illustrated in diphtheria - but in th» immunity. This is 

the result of antibodies circulating in the immunity is 

the ease in natural immunity, for it is\nnd’thaf-^*“ t 
cannot be transferred nassivelv ‘ natural immunity 

acquired immunity, and ZreLeT ®“! “^^^idual to another, aa ii 
culating in the blood, but rather iinon°* ™P®“ antibodies cir- 

inherent in the individual. In4 connpe^'^®“/®^“^'^ characteristics 
that the general eondition of the 
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] aring upon the question. It is reasonable that the weakly member 
r>f a family ^ould not be able to throw off an infection which can gain 
ji.) headway in the more sturdy .members. It may be, therefore, that it 
another instance of the law of the survival of the fittest. 

However, these considerations only serve to elucidate the more obvi- 
ous pliases of the qu^tion, since the fact remains that the true funda- 
mental factors involved in many of the phenomena of natural resistance 
still remain a closed book. Until we are able to demonstrate the action 
of the cellular infiuences, other than those concerned in the production 
of the antibodies at present known, we shall be forced to accept the 
fact of natural immunity without an adequate explanation. 

2. Factors Concerned in Natural Immunity.— Th<*re arc, how- 
ever, certain factors entering into the production of a spontaneous, or 
natural resistance, which are more or loss well understood. These 
factors may be summarized under the following captions: 

(a) Surfaces and secretions. 

(b) Phagocytosis. 

(c) Natural antitoxic immunity. 

(c?) Natural antibacterial immunity. 

(e) Atreptic immunity. 

(a) Body Sui\faces and Secretions , — The skin is, in most cases, a 
very effectual natiiral barrier to the infecting organism. It has been 
found that very few bacteria have the power to penetrate the unbroken 
skin. Staphylococci may be rubbed into the skin and succeed in pro- 
ducing infection, for the reason that the rubbing clamag(‘s llie epithelium 
and forces the organism into the hair follicles and sweat glands, where 
it is able to proliferate and invade the tissues. There is some evidence 
to support the view that the Spirochcta pallida may enter the unbroken 
skin, but this is difficult to prove, inasmuch as the organisms producing 
chancres upon the skin may have found a microscopic abrasion or defect, 
through which they entered to the subcutaneous tissues. Where abrasions 
or wounds do occur, the serous exudate, and the scab or crust w^hieh 
subsequently fdrms, are antagonistic to infection. This action of the 
serum is due to its antibacterial qualitie.s, of which we shall speak later. 
The scab merely forms a mechanical barrier. ^ 

The subcutaneous connective tissue forms the next lino of defense, 
should the skin prove defective. Here the mechanical barrier is not 
absolute, but tends to restrict the invasion of tlie microorganisms to 
the superficial tissues. The anti-bacterial action of the serum in the sub- 
cutaneous tissues is also important. Tuberculosis of the skin is, for 
these reasons, much more easily controlled than when it attacks the 
viscera. The same is to some extent true of anthrax in man. 

The mucous membranes are a very efficient protection from bacteria, 
although they are usually called upon to deal with much larger num- 
berg than is the skin. This is due to the warm, moist surface which 
favors the growth of bacteria. The viscid mucus forms a barrier, and 
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at the same time tends to carry away microorganisms. Diphtheria bacill i, 
however, always produce infection by way of the mucous membrane, 
except perhaps in open wounds, as Fitzgerald and Bobertson® pointed 
out in connection with wounded Canadian soldiers. Gonococci like- 
wise require mucous membrane, particularly simple columnar epithelium, 
through which to gain entrance. Later they may attack serous surfaces 
as synovial membrane and endocardium. 

In the nasal cavity, the moist projections of the turbinates intercept 
most bacteria entering by the anterior nares, and thus the mucous 
membrane is constantly covered with microorganisms. The ciliated epi- 
thelium tends to eject these with the secretions, but chronic infection is 
very common and may extend to the accessory sinuses, where drainage 
is poor, and toxic absorption is more favored. 

Enormous quantities of bacteria flourish in the mouth, commonest 
among which are Streptococcus viridans, pneumococci, staphylococci, 
Micrococcus catarrhalis, and diphtheroid bacilli. The saliva is not bac- 
tericidal, but is said to inhibit the growth and lower the virulence. The 
streptococci found in this locality is of very low virulence, requiring 
tremendous doses to successfully infect mice or rabbits. Nevertheless" 
tlicse strains have been shown by Detweiler and Maitland® to be capable! 
under suitable^ eoiiditions, of producing malignant endocarditis and 
many other lesions in rabbits. 


The tortuous channels through which the air passes on its way to 
the lungs act as filters for the bacteria. It is probable that the inspired 
microorganisms seldom, if ever, reach farther than the bronchi before 
adhering to the mucous membrane. At this point they may set up an 

by lymphatics or blood 

stream, reach the alveoli. The cilia of the epithelium, the mucous 

SriaVfo^ mechanical eflfcct of coughing, all tend to expel the 
bacteria before they penetrate the mucous membrane. 

The stomach receives many bacteria with the food, which is always 
Mntaminated before being taken, and which gathers many more hL 

the i“ the mouth. The hydrochlLic acid of 

the gastric juice, however, effectually disposes of the great maioritv 
so that the contents of the duodenum are comparativW fSiZrS 
ganisms. Nevertheless, it is /apparently inadequate in many instances 
for such invaders as typlo.id bacilli, cholera vibrio, d^elrrS’ 

„phou fte^MCSd, IS/, 

ofnnme^oJbIrterte"“ome^wS''astLToS^ presence 

are pathogenic, though of low virulence streptococci, 

aecuatomed to these microSsms whiI ,r"'”"® 
and seldom does ittecome infected or ^shoJ l* “ ^“P^Pbytic existence, 
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{ i)itant of this tract without obtaining entrance into the tissues. On 
t'.e other hand, the bacteria ordinarily causing intestinal Infection 
(lyphoid, dysentery, tubercle, and cholera) are not normal inhabitants. 

‘ The genito-urinary surfaces do not present any protective features, 
otlier than those described above. The acidity of the vagina may be 
mentioned as an inhibiting influence, although the bacillus of Doderlein 
is normally present in this area. The urinary irrigation is believed to 
1»o important in the cleansing of the urethral mucous membrane, which 
l)eyond the meatus is sterile in normal individuals. 

(b) Phagocytosis , — The cellular theory of immunity was particularly 
elaborated and championed by Metchnikofl and his pupils. In study- 
ing the activities of the amebee under the microscope, Metehnikoff noted 
that when they came into the vicinity of particles of matter suitable 
as food, they sent forth elongations of protoplasm (pseudopodia) towanl 
the food particles. In this way the latter were finally engulfed and 
appeared within the cytoplasm of the amebie. After a time the par- 
ticles became fainter and fainter, and finally disappeared — in other 
words, they were digested. Similarly he noted minufe ameboid cells 
within the body of the daphnia, a small crustacean, wdiieh had the power 
to ingest and digest, in the same "way, yeast cells which hud gained 
entrance into the body of the daphnia. lie also noted that if the yeast 
cells were too numerous, the wandering cells could not cope with 
them, and the daphnia would succumb. It was quite apparent, there- 
fore, that the wandering cells played an important part in protecting 
the crustacean from destruction by the yeast cells. 

Furthermore, Metehnikoff noted that anthrax bacilli, injected into 
the frog, were ingested and destroyed by the wandei*ing cells (leuko- 
cytes), which he felt were responsible for the immunity of the animal 
to this infection. The same phenomena were observed in many infec- 
tions, both in the lower animals and in the human body. This in- 
gestion of the microorganisms, and their subsequent digestion, Metch- 
nikoff termed phagocytosis, the wandering cells which accomplish it 
being called phagocytes. Typical film preparations of pus from cases of 
gonorrheal uretjiritis, and of meningococcal meningitis illustrate phago- 


cytosis in a marked degree. 

Subsequent investigations have amply shown that not only natural 
immunity, but even to a greater degree, active immunity is accom- 
panied by an increase in the phagocytic process. At this time, the work 
of Wright and Douglas^ set forth the important part played by the 
blood-serum in the process of phagocytosis. They showed that leuko- 
cytes which were washed free of all traces of serum did not ingest bac- 
teria, or, at least, did so only slightly. If, however, normal serum was 
added, phagocytosis became more marked, and if serum from an ani- 
mal highly immunized against the bacteria in question was used, the 
leukocytes exhibited the most marked activity. The sutatance ... the 
Kerum which brought about this activity was named by Wria i "I 
nin.” Its action was riiown to be upon the bactena, and ""1 I*" 

leukocyte, as the latter can be washed free of opsonin-conta.mng 



INFECTION AND IMMUNITY 


litot bacteria, once exposed to opsonins, cannot be "w^ed free of i . 
The nature of opsonins will be discussed in a later section. 

Metehnikof classified phagocytes into two groups: 

1, Macrocytes or Mi^eropbages. — These are large mononuclear cells 
and certain fixed tissne cells, particularly of t^e spleen, liver, lunps 
and lymph-nodes. They are active in the removal' of necrotic tissue, in- 
jured blood-cells, and in chronic bacterial infections, notably in tuber- 
culosis, leprOfity and actinomycosis. They contain a digestive enzyme, 
‘‘macrocytase,^' which digests these materials'or cells. 

2. Microcytes or Microphages. — These are polymorphonuclear leuko- 

cytes. They engulf bacleria and similar eclls. They contain * ‘micro- 
cytasc, whieli dissolves or digests bacteria. , 

Metchnikoff believed that the digestion of the bacteria within the 
phagocyte was accomplished by an enzyme which is produced by the 
leukocyte, and is not found free in tlie blood-plasma. This enzyme he 
believed to be identical with Bordet’s alexin (Ehrlich’s complement). 
Much experimental work has been done to establish whether this is really 
found only in the leukoeyte or whether it normally exists frecf**in the 
plasma or serum. Gengou collected the blood of various animals into 
paraffined tubes, so as to injure the cells as little as possible. He claimed 
that in the plasma of such blood he could detect little or no alexin, 
whereas in the serum obtained in the ordinary way the usual amount was 
present. 


This observation has not been confirmed, but the majority of workers 
at the present time believe that the complement or alexin is normally 
present in the circulating plasma. Zinsser points out, however, that a 
really experiment to prove this has not yet been formulated. 

1 is likely that the lysis of bacterial and other cells in the serum 
ferments which are quite distinct from 
diLsth/n^nf leukocyte. As Zinsser suggests, it is probable that the 
fnvoltwf ingested bacteria is brought about by a complicated process 
involving not one, but several ferments. 

infection is a localized one, as in a furuncle or boil, we 
r nf the phenomenon of ph^ocytosis. In a very 

t time after Its inception .ne infection has attracted large numbers 
of leukocytes and these are beginning Ho ingest numbers 

If tlie virulence of the inrading organism is 
of “I"® found either in the neighborhood 

of the lesion, or in the circulating blood. In the first instance we have 

tex^’^rthrialt^Tt “posits 

taxis. In the latter it is a case of negative chemiotaxis ” pMrt lr 

riSiw" wtestod. 
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posseSs^this property. This would appear to explain the attruction of 
j iikocytes to injured areas, and to areas of inflammation of non^bacterial 
( rigin. 

As for negative chemiotaxis, it may be that bacteria develop an 
immunity to the defenses of the host, as suggested by Welch, and that 
they tttay give rise to aggressins (Bail), virulins (Rosenow), or free 
receptors which, circulating in the blood, exert a depressant action upon 
the leukocytes. We cannot at the present time definitely solve this 
problem. It is difficult to explain why in certain diseases, such as 
lobar pneumonia, there is usually a marked leukocytosis, while in others, 
as typhoid fever or jnfluenza, a leukopenia is almost invariably the rule. 
The virulence of the rdicroorganism concerned is not the only factor, 
althou^’''ia low leukocyte count in lobar pneumonia is considered a 
matter of grave import. Similarly, in cases of acute infections in the 
abdomen, the surgeon is reassured on finding a marked leukocytosis pres- 
ent, believing that to be an indication of a vigorous reaction against 
the bacteria on the part of his patient. 

WIfile it is thic that phagocytosis is less marked as the virulence of 
the microorganism is raised, it is also true that sometimes if the viru- 
lence is very low the phagocytosis is quite sluggish. Thus in chronic 
gonorrheal infections the bacteria which, when the infection was fresh, 
were almost invarijably phagocyted, are often extracellular. It is pos- 
.sible that here the opsonic content of the blood is lo^^, since the antigen 
(gonococcus) has lost much of its original j)otcncy by a lowiTing of its 
virulence, as the infection becomes chronic. This would explain the 
lessened phagocytosis. It would also explain the absence of phagocytosis 
where the organisms are excessively virulent, as in tliis case the antigen 
is too powerful to allow of the optimum reaction on the part of the 
body cells, as evidenced by the opsonic power. 

(c) Natural Antitoxic Immunity . — There is evidence to show that 
natural immunity to certain diseases may depend, in part, if not alto- 
gether, upon the natural antitoxic content of the blood. Otto” showed 
that more thim 1/100 of a unit of diphtheria antitoxin is present in 
each c.c. of the blood of persons who had been in close contact with 
cases of diphtheria without having been ill themselves; others usually 
had much less. Ife also found that diphtheria earners, both those who 
had had the disease and those who had not, contained more antitoxin in 
their blood than did patients who had just recovered from an attack. 
Recently Schick published a method of estimating the antitoxin content 
of btod. A minute quantity of toxin is kijectfed intraeutaneously, and 
a low reaction follows if there is le‘»s than 1-^30 6f a unit of antitoxin 
per of blood. This amount is considered sufficient to protect against 
diphdteria. Many observations tend to show that even 1/100 of a umt 
per c,c. is amifl^. The Schick reaction has been used to test a large 
number of normal in^viduals Of all ages. Negative reactions have 
been obtained in 93 per cent, of the newborn, in 57 per cent, during 
the first yw of life, in 37 per cent, between two and five years, and 
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in 50 per cent, between five and fifteen years. In adults the negativ< 
reactions are as high as 90 per cent.* 

(d) Natural Antibacterial Immunity . — In 1881 Lord Lister re 
ported observations upon the resistance of the blood to putrefaction 
This wa.s first noted by Hunter, and later by Traiibe, but in 1884 Groh 

t man ** definitely stated that blood-plasma posseiised the property of 
inhibiting the growth of bacteria. In 1888 NuttalP® showed that the 
eell-free defibrinated blood of normal animals actually destroyed micro 
organisms, and Hu<*hiuT <lemonstratcd that this bactericidal property 
resided in the S(‘nim. The serum of the dog and of the rat possesses 
baetcrir)lysins and haeleriotropins (opsonins) against anthrax bacilli. 

(e) Atrcptic Immunity . — Ehrlich found that upon transferring 
mouse cancer to rats, the lumor soon died. He assumed that this ouC 
come was due to the lack of suitable nutritive material in the rat for 
that type of tumor. To this condition he gave the name “atrepsia, ” 
In the same way it is held that one factor in natural immunity to bac- 
terial infection ni ay be the lack of suitable food in the host for the micro- 
organi.sm. This is somewhat .similar to the “exhaustion theory of im- 
munity “ advanced by Pasteur, but as Ricketts and Dick’® point out, 
t lere i.s a di/fcnuicc, in that Ehrlich did not assume the absence of suit- 
able nutritive material, but the inability of the bacteria to secure it. 
As they put it, “virulent microorganisms find the nutritive substances 
ah-eady available, or, if this is not the condition, the injury which they 

,.,m fit"'’”',' * resnlts in a splitting of the 

umstitiients so tliat the food substance (rather a specific food suh- 
stance) becomt's available. Avirulcnt organisms not having the power 
an.flnmT ’ proliferate to any great degree 

“i “ ’*• 

of hImunitrVM'" ‘’'‘I"'*'' of this atreptic theory 

f..* ‘ "ot seem improbaMc that it may be one of the 

Mturtnvr*’™'”'’ ♦" condition which renders the animal bodv 

naturslly immune to a given microiir ,,usm. ^ 

i. ,,„iv .rio, . 

the food substance and some constituent of n between 

of that portion of the eell which carries on thf 

**Lristun(jsh'rn/* or vit«l nnyfir ^ central activities as the 

which came dircctl.v into cLtactwlth constituents 

Side-chains of tin* r.pii a«„i substances were called 


side-chains of the cell. Analocrous to thk substances were called 
the central benzol ring to wilier qVp oh ^ ® m chemistry is 

other compounds. Thus iu.st as to form various 

with food substances, soVhe side-chiin of thfh “* f 

• These fieur..,., ... nng may unite with 

im.se figures are quoted from Park and Williams xv 

Cl Wiihamg, Pathogenic Bacteria/' 1917 . 
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-Moiips of atoms to form slightly varied compoiiiids. Thus, salicylii* 
,,/'id is formed by the attachment to one of the side-chains, of a hvdroxv! 
oionp and to another of the acid radical. 



Benzol Ring 


HC 

HC 


C—OH 
jC— COOH 

UH 


CH 

Salicylic Acid 


Ehrlich held that a cell possesses two important functions. Tlic first 
is a special physiologic function, such as contractility in muscle cells, 
conductivity in nerve cells, secretion in gland cells, etc. The other is 
that of nutrition, and it is this function which has to do with the problem 
of immunity. 

After the discovery of von Behring that in certain diseases the blood 
possesses definite protective substances against bacterial toxin, rfeufTer 
discovered the presence of bacteriolytic substances in peritoneal exudates 
of guinea pigs previously inoculated willi elioliTa vibrios, Bonh't showed 
that this phenomenon was due to two distinet substances. One is the 
amboceptor, or substance sensibilitrice,’^ which is specific, and there- 
fore exists only in Ihe animal which lias been immunized against that 
particular bacterium; the other he called “alexin/' which is non-specific, 
and exists in the blood of practically all animals. These discoveries gave 
fresh support to the humoral theory of immunity, and Ehrlicli’s si<le- 



Fio. 1 . — Ehrlich’s Side-chaix Theory, Sideciimn or the First Oroek. 

A, Body-cell with side-chain of tlie first 

B, Toxin molecule (antigen j. 

C, Antigen attached to side-chain of <ell. 

chain theory of nutrition was adapted to explain the (piestions arisinor 
as new observations were made. 

Ehrlich assumes that a toxin molecnlo is composed of two essential 
parts: One is the “haptophore” group, and its function is to unite 
the toxin to the receptor or sidc-cliain of the cell. The other is the 
‘‘toxophore” group, and is responsible for the toxic action of the mole- 
enle. 

Evidence of such dual constitution on the part of the toxin molecules 
is not lacking. Morgenroth has shown that tetanus toxin injected 

VoL. I.— 15. 
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into frogs will disappear (slowly) ; but if the animals are kept at a lo v 
temperature they show no toxic symptoms. The disappearance of t) 
toxin from the circulation indicates that it is bound by the cells, r.y 
indeed can be shown in vitro, but at the low temperature the toxophoi ' 
molecule does not functionate. If the animals are warmed to 30° C. 
more, they gradually show signs of tetanus and succumb to the disease . 
This illustrates in a striking way the presence of haptophore and toxo- 
phore groups in the toxin molecules. 

According to Ehrlich theory, a toxin molecule or '‘antigen of anv 
kind, upon approaching a body cell, selects a suitable side-chain or re- 
ceptor with which to unite. The coll is supposed to possess an in- 
numerable variety of receptors designed to "fit^’ the various toxins 
and other substances wliieh occur in the blood stream. Only a certain 
numb(*r of receptors of each cell arc suitable for a given toxin molecule. 
The iiniorj of these two elements is selective; to use the words of Fischer 
they must fit each other ‘‘like a key fits a lock.’^ 

Aiti-r tliis iiiiioii tiikos placo, Uu‘ particular side-chains affected can 
no lonprcr take part in their function of uniting with food substances. 

ney arc therefore rendered useless to the cell to which they belong. 
More than that, the toxophorc group of the toxin molecule may now 
e-xert its injurious action, and damage the cell. If a sufficient number 

be eelT ™ite with the suitable receptors of 

the cell, sufficient injury may be done to cause the death of the cell 
and If a large enough numher of cells are thus destroyed, symptoms 

replaced. These extra reeepi rs find L r nl ? completely 

which produced them, aiui are cast off free ® 

retain, however fht* *jMnin circulation. They 

still attached, and llnis are jus“as 

toxin. These circulalin" recerltors *>nn f f f ^ neutralization of 

bodies, or antibodies and in iho ^ known as immune 

.h. f-™ "m . is “"w » . <.* 

which unite with toxins or simnlp V ’ ^ ® side-chains, or receptors, 

the first order. Those more complex whSh’ side-chains of 

and agglutinable substances ofLcteria areTsP 
second order. There are others still mnr. ® side-chains of the 

lytic substances of bacterial or animal 06118*''"^!^ “''® 

third order. ^nese are receptors of the 
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{a) Side-chains of the First Order (Antitoxins, Antiferraents) —The 
simplest receptor or side-chain of the cell is composed of a sinjrle arm 
(see Fig. 1). This serves to bind the haptophore groups of a molecule 
of food, or a molecule of toxin. When the latter is circulating in the 
IjJood, it comes into contract with the receptor, and is bound to the cell 
by that agency. As previously explained, the toxin molecule is com- 
posed of a haptophore group which unites the molecule with the receptor, 
and a toxophore group which thereupon proceeds to exert a toxic action’ 
upon the cell. If this toxic action is not excessive, the only damage 
done is to put out of function a number of receptors wliii'ii tlie cell 
requires for the anchoring of food particles. An attempt is then made 
to regenerate these necessary side-chains. TIk' effort does not stop, 
however, at merely replacing those lost, but, after the manner pointed 
out by Weigert, the cell produces a number greatly in excess of the 
actual needs. Adami points out that the antigen— in this case the toxin- 
enters into intimate relationship with the cell, through the haptophore 
group, and the prolonged stimulation of its prespn(*e is responsible for 
the excessive production of receptors. This factor supplements tin* over- 
production tendencies in tissue repair. These receptors canned all be 
accommodated upon the surface of the cell, and are eonseepiently cast 
off into the circulation. They arc now called antitoxins by virtue of 
their ability to unite with the haptopho?*c group of toxin moleeules 
and, having done so, the toxophore group is reuidered innocuous, inas- 
much as there is no cell to act upon. This really amounts to a neutrali- 
zation of the toxin. The receptors produced as a result of the stimula- 
tion of the cell by the presence of toxin are specific. Thus tetanus toxin 
induces the production of receptors (antitoxins) which mnilralize tetanus 
toxin only. This is true of those antibodies indue(*d by any suhstanees 
capable of stimulating the body cells in this way. These suhstanees 
which call forth the production of antibodies or recef)fors are termed 
“antigens’^ and each typo of receptor or immune body (antibody) is 
specific for the antigen which stimulated its production. 

In the production of antibodies, the haptophore group is probably 
the essential part of the antigen. This is true at any rate of the toxin- 
antitoxin reaction. Where the toxophore group of the toxin molecule 
is lost, but the haptophore group remains intact, as occurs in the de- 
terioration of toxin on standing, the resulting sii})slaiK'c is called by 
Ehrlich ** toxoid. This really represents unencumbered haptophores. 
Now, it is found that inoculations with toxoid will result in the pro- 
duction of true antitoxins in no way different from those produced when 
toxin is used as the antigen. It is seen from this that the toxophore 
prroup in itself possesses little or no antigenic value, although it is found 
that when it is present the production of antitoxin is much more vigor- 
ous.* This is probably due, as pointed out by Kolmer, to the stimulating 
effect of the intact toxophore group of the toxin molecule. 

(h) Side-chains of the Second Order (Agglutinins and Precipitins). 
-Going back again to the nutritional phase of cell furudion, we find 
'hat Ehrlich assumed that if substances of greater complexity are needed 
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as food for the cell, some preliminary treatment m tte way of diges 
tion is required to prepare these substances for assimilation after thei 
are bound to the cell. A side-chain of the first order possesses merely 
a binding group, and has no provision for digestion of the food par 
tide. Consequently these more complex food substances are taken car^' 
of by side>chains possessing, in addition to the haptophore or combin 
ing group, a zymophore or digesting group. These are called side-chains 
of sf'coiid order. Side-diaiiis, similar to or identical with these, 
are present to deal with bacterial cells. Produced in abundance owing 
to the presence of the antigen (bacterial cells) in the body of the host, 
these side-chains of the second order are thrown df free into the cir- 
culation, just as are those of the first order. Their action, however, 
is different. Upon combining with the antigen, which, let ns say, is 
comf)osed of typhoid bacilli, tliey cause the bacteria to clump together, 
or ‘‘agglifi-inate.” If the bacteria are first dissolved or extracted, and 



Fio. 2. — EiiKLicii 's Sjde-chain Tueory, Side-ouain of the Second Order. 

A, Rod.v-cell with aide-chain of the r( cond order. 

B, Bacterial antijjen. 

C, Antij^en attached to side-chain of body-cell. 

D, Side-eliain cast off from cell, and attached to bacterial antigen. 


the resulting clear fluid containing their soluble proteins is brought 
into contact with the serum containing the side-chains, a precipitate 
is formed. The side-chains, or immune bodies, which cause agglutina- 
tion of the bacteria, are called agg^ tinins, and those which cause pre- 
cipitation with protein solution are called precipiiins. 

The haptophore group of tb'‘';e side-chains is relatively stable, but 
the zymophore group is labi^* and may become inactive without a cor- 
responding deterioration f'*' the haptophore or combining group. A 
powerful agglutinating serum, if heated to 60® C., or kept for a long 
time, will lose its power to clump or agglutinate. It does not, however, 
lose its combining power, as is shown when it is allowed to stand in 
contact with its antigen (emulsion of bacteria). Upon washing the 
antigen thoroughly and then placing it in contact with fresh, powerful 
agglutinating serum, clumping fails to take place. This is due to the 
fact that the antigen has been bound by the side-chains, which have lost 
their zymophore groups. Such side-chains are called agglutinoids. 

Similar deterioration occurs in the case of precipitins. These changes 
in immune bodies or antibodies closely resemble the changes occurring 
in a toxin (antigen) producing toxoids. 
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The role played by side-chains of the second order (agrjylutinius and 
]',recipitins) in immunity is not yet understood. It has not been 
siiown that they actually destroy the bacteria or other protein with which 
they combine. Aggutinated typhoid baeilH may still be siKH’essfully 
( ultivated upon artificial media, showing that they have not been killed, 
tliongh their motility has disappeared. Again, immunity may exist in 
an inoculated animal after the agglutinins liave disat)peare(l (‘ompletely 
from the blood. 

{c) Side-chains of the Third Order (Cylolysins, Hemolysins, Bne- 
teriolysins, Cytotoxins). — Pood substances of stilt greater (‘omplexity are 
dealt with by the aid of more elaborate side-ehains or ree(*ptors, accord- 
ing to Ehrlich. These receptors possess a baptoi)hore group by which 
lliey anchor the food molecule, and a s(*(*ond lia])topbore group by wliicdi 
they unite with a special ferment-like substance in the blood called 
alexin (Buchner) or complement (Ehrlich). In this way, these receptors 
act as connecting links between food molecule and complemetit, and the 
food is digested by this combination. Similar r(‘cep1ors are supposed to 
be present in an immunity to complex antigens, such as luu'terial cells, 
blood-cells, and cells of various organs. Such r(‘(*ept()rs wer(' called by 
Ehrlich amboceptors (substance sensibilitriee, Bordet). The lysins, i.e., 
hemolysins, bacteriolysin, and other cytolysins, are antibodies of this 
type. They are specific, as arc the antibodies of the first and second 
orders. 

In accomplishing their lytic action, these amboceptors or antibodies 
first unite with the antigen. The latter is then said to Ix' ‘‘sensitized,” 
but no lytic action is apparent until a complement is auehonxl to this 
eombination. The following experiment will serve to illustrate these 
facts : 


1 . 

antigen -f- amboceptor -{- complement hemolysis 

(sheep red cells) (anti-sheep 
hemolysin) 


antigen -f- complement " 

(sheep red cells) 


3 . 


no hemolysis 

Let stand for 1 hour at :>7’ (‘. 
Then wash in saline. Now add 
amboceptor; no change. 


antigen -|- amboceptor — no 

(sheep red cells) (anti-sheep 
hemolysin) 


hemolysis 


Lot stand for 1 hour at 37 
Then wash thoroughly in saline. 
Now add the complement, and 
hemolysis will occur. 
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This illustrates graphically the close union of anti^n with amb,,. 
centort^nsitisation). a union not disturbed by repeated washing m 
saUne solution. Nevertheless, no lytic action takes place until the eon* 
plement is united to the sensitized antigen. 

Side.chains of the third order may, therefore, be graphically illus- 
trated as receptors possessing two haptophore groups. 



Fio. Ejikmch’s Siok-chain Theory, Side-chain of Third Order. 

A, Body-cell with side chain (h), uniting antigen (a) and complement (('). 
h, Side-chain (h), free in circulation, attached to antigen and complement. 


These side-chains, or amboceptors, play an important part in the 
phenomena associated with “complement-fixation,’^ which will be dis- 
cussed in its proper place. 

Acquired Immunity. — Having taken up the outstanding features of 
a natural resistance to infection, it becomes our duty, now, to study the 
type of immunity which is acquired by the individual as the result of 
the reaction to certain factors, either known or unknown. It has long 
been known that a person who has recovered from an attack of small- 
pox seldom if ever suffers from a subsequent infection of the same 
nature. Similarly, in typhoid fever, a second attack is very rare. If 
we inquire into the processes by which such immunity is gained, we find 
that almost univer.sally it involves more than one type of antibody. It 
is iirobable that many factors take part in the production of such a 
condition, and wc know that these factors vary considerably in the 
ease of different tliseases. Thus in ’ther natural or acquired immunity 
to anthrax, phagocytosis seems to be the main factor in the resistance 
.shown. In immunity to choler-i spirillum, on the other hand, the pro- 
tection seems to be due mainlv lO lytic substances in the blood and tissue 
fluids. This is well shown by the classical “Pfeiffer phenomenon” de- 
scribed ill tlie chapt(*i’ on bactericidal substances. In this way, we may 
speak of certain cases of immunity as antibacterial, of others as anti- 
toxic, and of still others as phagocytic. 

Acquired immunity may he defined as the resistance of the body to a 
disease hy reason of protective substances having been developed in the 
body^ as the result of (1) a previous attach of the disease in question, 
or (2) artificial inoculation with the causative microorganism, either in 
its original state or in some modified form, or (3) artificial inoculation 
with the antibodies corresponding to the causative microorganism, 

equired immunity may be either active or passive. In active im- 
munity, the cells of the individual possessing it have produced, or are 
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reducing, tHe protective substances responsible for the rosistauee to dis- 
. ii^e. In passive iniinunity the protective substances are supplied to the 
r-ody “ready-made.” 

Meihods op Producing Active Immitnitv. — In jieneral, it may be 
<^;iid that all methods designed to produce an active immunity are 
based upon the fundamental principle that the antifrefi must be in- 
1 reduced into the animal body in suitable amounts, and at prn]>er in- 
UTvals, in order that the body-cells shall not be ovei-whelmed by thi' 
t(»xic products of the antipren on the one hand, and shall be sufilciently 
stimulated to react, on the other. 

In the early work on active immunization, numerous methods were 
tried with more or less success. One of the earliest was tliat ivncula- 
Hon with living hut attenuated cultures. Pasteur was one of the first 
to employ this method in his work on the immunization of shee]> ap:ninst 
anthrax infection. Here he reduced the vinileuoe of the or^^anism by 
jrrowiiif? it at hi"h temperatures. He aceomiilished the same purpose 
in connection with rabies immunization by dryinjr the spiinil cords of rab- 
bits infected with rabies virus. The method is still lar^^ely in use for 
prophylaxis ajyainst this disease. The Jennoriaii vaceination ajrainst 
small pox is an example of the same jiriiiciple, but here the attenuation 
is produced by passing? the virus tbroufrli calves, althouiih th<* orijrinal 
vaccine was obtained not by experimental procedures, but by the natural 
passajre throuprli battle. Toussait attenuated his anthrax auti?(*n by 
heatinj? it to 55° 0. for 10 minutes, while rhamberland and Uoux ” 
accomplished the same purpose by frrowinjx anthrax bacilli in the pres- 
ence of antiseptics, such as carbolic acid 1 to fiOO. 

Another method which has been employed by various workers from 
lime to time is that of inoculation with virulent cut lures in minute 
(lynounts. It is reasonable that livin" virulent cultures would resemble 


much more fully the antij^en, as represent cd by the mierobrpfaiiisms 
actually jiroducin^ the disease. It is more than jirobahle that the heat- 
ings or other methods of attenuation of the eiilt ure has tin* etfeet of in 
some way lessenings or alterings the aiitigrenic ])roperties of the bacteria. 

It is possible to immunize animals against even such virnleni or- 
psanisins as Bacillus anthraci-Sy by usings exceedingsly small doses of the 
fully virulent culture. Thus Webb, Williams, and Barber,'” by a spe- 
cial technic, were able to begrin the immunization of animals by the 
in,lection of a singsle thread of antlirax bacilli. They then gsradually 
increased the amount until com])aratively largre <loses were tolera1<*(l. 

In gseneral, how'ever, it would seem wise to restrict the use of such 
methods to laboratory animals rather than to risk the danjrer of fatal 
infection in the human body. Livinjr vaccines ot less virulent types of 
microorganisms such as Bacillus typhosus, cholera spirilla ami 
have been successful in the hands of Gay,'*’ Strong/ juu * ete^iiiuo 
and Besredka.^"' The latter, as well as Gay, rejiort tin* advantage ot 
using what is called “sensitized” vaccines. These are 
microorganisms which have been subjected to the iireseiice o ^ lu - 
immune serum, during which time the bacteria uiii t 
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, ,• ” This union is quite firm, and las) -; 

immune bodies or are sensiti/eci. u 

until the bacteria inoculated into the patient find thems.elvfe n tli 
presence of a complement, when ^ 


and possibly phagocytosis, occur. 


It is claimed for such vaccines tlial 


the antifjenic substances are. thus more (piickly takem up by the tissm> 
cells, and that a more rapidly ensuin-r immunity. develops. Further- 
more, it is claimed that with sensitized antifrens there is much less local 
and jreneral reaction on tlie part of the patient, and that larger dose.s 

are in this way easily tolerated. 

In using living vaecines. however, there is always the danger^ oi 
tlnnr becoming too virulent and thus producing disease, or of producing 
chronic ^‘carriers” wlio wouhl be a source of infection to others. These 
disadvantages ])robably outweigh the apparent advantages, and preclude 
their use in human practice. 

The meiliod most extensively practiced in the immunization both of 
human beings and of laboratory animals, is tliat of inoculation with dead 
bacteria and bacterial extractn. It w’^as probably first employed clin- 
ically by Koch in liis tnbm-cnlin treatment, and later was popularized 
and extensively used by Wright and bis associates. Wright worked 
alnjost wholly with saline suspensions of killed organisms. As stated 
before, it is quite probable lliat the immunity thus produced is not as 
complete or efficient as that following recovery from inf(?ction, or that 
following inoculation with a susj)cnsi()n of the living bacteria. It is, 
liow(‘ver, inueli safer. 


The microorganisms are killed usually by heat, and this seems to 
be an im])ortant factor. It has been found that the antigen value of 
a vaccine is great(‘r if 1lie temperature is kept as low as possible while 
killing the bacteria. Most laboratories employ a water bath at from 
r)r)" C. to ufh’ (\ When sncli low temperatures are used, one must be 
careful to control the sterility of the product by proper cultural tests. 
The coimrioii method of i)reparati()ii is as follows: A culture of tlie 
microorganism is grown on an agar slant for 24 hours. Five c.c. of 
sterile physiological saline solution .re added, and the culture lightly 
scraped otl liie slant into the saline solution. If a larger amount is 
needed, additional or larger sh. is are employed. The emulsion thus 
obtained is collected into a . '.rile tube which is sealed off in the flame 
and shaken vigorously by iiniul, or in a mechanical shaker, until the 
bacterial eluiiips ar(' c('m])Ietely broken up. The time necessary for 
this procedure^ varies greatly with the type of bacteria being dealt 
with. Suspensions of Bacillus typhosus and staphylococci are easily 
dealt with, but certain strains of streptococci and Bacillus pertussis 
must be agitated for si'veral liours. Sterile glass beads are often used 
to aid in the process. 

The suspension is now ready to be standardized. This is best accom- 
plished by counting the bacteria contained in a unit volume of the sus- 
pension by one of the methods outlined below. A small amount may 
be withdrawn from the tube for this purpose : 

(a) WrigkVs Mfthod.^\\iih a capillary pipet draw two per cent. 
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. .[iiun citrate solution to a mark about an inch from the tip, then allow 
.. bubble of air to enter. Next draw one volume of blood frmn a fiii-er- 
priek, another bubble of air, and lastly one volume of bacteria! sus- 
pension. Now expel the whole onto a clean fylass slide and mix thor- 
uii^rhly by sucking up and expelling several times. Finally make two 
three films on gla^ slides in the same manner ns one would make a 
blood film for differential examination. Thest* are dried in the air, 
fixed by immersing for two minutes in a saturat(‘d solution of bieldorid 
of mercury, washed thoroughly and stained with earbol-fm-hsin MO for 
one minute. Wash and allow to dry. 

For accurate counting the microscope field should be redneed in size 
by placing a paper diaphragm with a small scpiare op<‘iiing on the 
diaphragm of the eyc-pieee. Corpuscles and haeteria are eonnted in 
many fields selected at random. The total mind)er of hlood-i-ells are 
now compared with the total bacteria. S5in('e e(pial volumes of blood 
and suspension were taken, and since there are 0,^00,000 eorpus('h‘s in 
one cubic millimeter of blood, the formula would be : 


5,500,000 

- X No. of bacteria = - No. of organisms per c. mm. of 
No. of corp. suspension 


(h) Thomas* Method . — The bacterial suspension is drawn up in an 
ordinary red blood-cell counting pipet to the mark 0.5 followed hy 
freshly filtered earbol-thionin, Leishman’s or JeniuT s stain, sufficient 
to stain the bacteria. After mild agitation for two to three minutes, 
the bulb is filled to the 101 mark, and after thorough dissemination of 
ti'e bacteria, a drop of the pipet content is placed on a hemocylouuder 
chamber, and the microorganisms are counted, just as are red hloo<i- 
cells. The cover-slip should not be more lliaii 0.13 mm. thick, in order 
not to interfere with the oil-immer.sion lens. 

Having estimated the number of bacteria per e.c. of the suspeTision, 
it is diluted with sterile saline solution to the desin'd str(*ngtli. 0.5 j>(;r 
cent, pure phenol is added, and the resulting mixture cultured for 
sterility. It is sealed in sterile rubber-capped bottles for use. 

Recently another method of making vaeeim's has eoiiie into pr-omi- 
nence, mainly from the work of the U. S. Army Medical School In IVaslj- 
ington. The bacteria arc suspended in cott()ii-s('cd oil and lanolin, 
after being ground in a mill for four hours. Such a pi'odin*t is called 
a lipo-vaccine, and it is claimed by Fennell* that the oil vidiiclc en- 
ables them to give larger doses with less reaction to tiic patient, and 
ill this way the equivalent of the u.sual three* tyj)h()id inoculations may 
given in one injection. The resulting immunity is Miid to |)c equal, 
if not superior, to that produced hy the .saline vaccines. 
vaccine is now standard for use in the U. S. Armv% against t\ p on am 
the two paratyphoid organisms, making a tri^de lipo-Nacc im . ncumo- 


* For preparation and discussion of lipo-vaccine, .see 
■^on, ‘ ‘ An Experimental Investigation of Lipo-vaceme. 
^6, 1918, Ixx, No. 7, 428. 


Whitmore, Fi'nnel, and Peter- 
’ Jour. Am. Mrd. Afo/n-, Fet>- 
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(*oceus Jipo- vaccine is also being used in the same forces as an optio^^i] 
measure. 

In Koch ’s old tuberculins the essential point is the introduction 
the extract of tubercle bacilli, as contained in the glycerin broth filtrate 
of a culture. In the case of more soluble bacteria autolysis is allowed 
to proceed either by heating in saline solution ,or in alkaline broth. 
The former method is employed by Hektoen and Rosenow*® in making 
their pneumococcus antigen. Other methods of obtaining bacterial ex* 
tracts for immunization purposes include mechanical shaking in .salt 
solution, trituration with sand, or with freezing, digestion with proteo- 
lytic en 2 yme.s, or extraction by pressure in a Buchner press. In the 
case of pneumococci, Neufeld dissolved the organisms in bile. 

Finally there is the active immunization by inoculation with hacteriaj 
products (toxins). As a matter of fact, this method is only of value in 
c(>mie('tion with exotoxins, as in the case of diplitheria, tetanus, etc. 
With tlie discovery of such an exotoxin in the cultures of diphtheria 
bacilli, by Roux and Yersin,^^ the way was opened for the experimental 
immunization of animals against such soluble toxin. It is true that 
^ alnion and Smith had this idea in mind in immunizing pigeons against 
the bacillus of hog cholera in 1884, but as a matter of fact what they 
really obtained was antibacterial, and not antitoxic immunity. Briefer 
mi(l and Ucliring:."" with his aoadjntors, who led the wav 

f Af* I •’ producing antitoxins in animals against the 

tuZ eas, T « ‘"'v, “"1 aecomplishe,! 

. ease ot Haul! us botulmus, Bacillus pyocyancuSy and the bacillus 

ol jmpton.at.e anthrax. Beeentl.v Bull - sneeeedod in demonsS^ 

m produung a speeific antitoxin for this infeetioii. The importance of 

was lound to attend the eurative use of such antiloxic serum In other 
wiS'l'^iny; that an, mall 

p'um from other animals”retiveir'm„TuniC“ 

• -i-te the'se ault 

ing properties- tln*se nron. - ia *‘i tetanus poison-destroy- 

hlnod and in the scrum .C)t-dnA in the extravaseular 

lasting a nature that tliev r.'.o ' Properties are of so 

so tha' one Ls able to obmin nti' 

the blood or injecting the seVu^ TheT'fT transfusing 

properties are absent from the blood of nnn • Poison-destroying 

the tetanus toxin is iiioeulated into nr r animals, and when 

sti-ated as such in the blood anrt fh “nunals it can be demon- 
death.- ““‘I ®ther fluids of these animals after 

said that an atompt at 'active* *’®®“ already 

vah.etoapatientifLan?urtterdu^^^^^ - 

as. for example, in diphtheria It in ^ of an acute disease 

P roerifl, it easily seen that if the body cells 
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,, the host are to be artificially stimulated to produce the specific an- 
- i.odies effect an immunity, the process will necessarily occupy an appre- 
(.:;,l,le length of time— several days at leasl. As a matter* of fact, it 
l;.is been found by actual experience that before the antibodies can 
{„. produced in this way, in sufficient quantity to fav(*rably alter the 
( wurse of the disease,, the patient has either recov(‘red from the infec- 
tion or has succumbed. Active immunization, therefore, probably finds 
its only satisfactory application in the field of prophylaxis, and in 
(crtain chronic infections. The term projdiylaxis is here taken to in- 
clude diseases such as rabies, in which sufficiimt time ehqises between 
the time of infection and the onset of sym]Uoms (incubation period) 
to allow of active immunization. 

Early observers soon saw that for tberapontic use, therefore, they 
ninst look for some method of rapidly conferrinpr immunity ntuni a 
patient already suffering from a disease. As early as 1S!K) and 1802, 
y. Behring and Kitasato found that the serum of an animal immunized 
against tetanus toxin would, when inoculated into a normal animal, pro- 
tect it against a lethal dose of toxin. Tt is obyions tliat Iutc the pro 
teeted animal takes no active part in producing its own immunity, and 
merely plays a passive role. The protective substances are fnrnislnMl 
to the individual ‘‘ready-made,” as it were. IT is cells have no part in 
their production, and the immune bodies must be introduced into the 
circulation artificially or through the placental circulation or milk r»f 
the immune mother to the susceptible offspring. Sneli a resistance to 
infection is termed passive immunity and can be conferred iii)on a sus- 
ceptible animal so rapidly as to prove of great thm’apentic value. It is 
tiighly specific. 

It was found, however, that passive immunity can only be obtained 
by using the serum from an animal which has been immnniml against 
the exotoxin of a given bacterium, or one whitdi produces ])ow(‘rfnl (*ndo- 
toxin. Hence nearly all those mienKirganisms which (Icqx'iul for their 
pathogenicity upon the endotoxins, or toxic ])r()dncts, contained within 
their bacterial bodies, are unsuitable for this i)nrp()se. The bacteria 
which are true tQxin-producers arc coinparativ<‘ly few in number. They 
include BacAllus diphtheria^ Bacitlus fetani, Jiarillns holultnus. Bacillus 
ai'rogenes capsulatus, and possibly Bacillus pyocyam us. Kccent w’ork by 
Clark and Felton claims to show the presence of a filtrable toxic 
l>roduct from cultures of hemolytic s1rc])tococci. It is possible tliat 
as our knowledge of bacterial poisons advances, otlicrs may bf* added 
to this group. On the other hand, however, we hav(‘ a comparatively 
potent serum against Type I pneumococcus, which so far as w(; know 
•it present is antibacterial rather than antitoxic. 1 lie aMtitl;>sentcric 
^enim used with some success in the l^ritish Army Hospitals in the 
near East during the War depends for its curative action ]>rimarily 
n])oii its antitoxic, and secondarily upon its antibacterial pro|)ertics, 
•lecording to Graham.^*^ It is claimed, however, that the antitoxic con- 
bmt is low, and that therefore large amounts must be used. Antibac- 
•erial serum, such as that against the meningococcus, is of value wlicre 
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the serum may be brought into direct contact with the bacteria in a 
closed cavity, as the spinal canal; with this exception their use, while 
encouraging in experimental infections in laboratory animals, has n .t 
been of much therapeutic value in human disease. 

Passive immunity, obviously, is not so lasting as the active type. For- 
eign proteins are more or less rapidly excreted from the body, and with 
them the antibodies for which the scrum is administered. Ou the oth(‘r 
hand, in active immunity, the cells of the body, and particularly those 
at the site of inoculation, as in artificial immunization, are actively en- 
gaged in antibody-])roflnction, and as a result a new supply of an- 
tibodies is constantly forthcoming to replace that excreted or non- 
tralized. 


Mechanism of the Production of Acquired Immunity. — The in- 
oculation of an animal or ^lerson with an antigen, either artificially 
or by inf**ction with the organism in question, causes the cells of the 
body to react against the foreign material. This reaction is evidenced, 
so far as present methods are able to detect, by the presence in the cir- 
culating blood and tissue fluids, of certain immune bodies. These an- 
tibodies alone, and in conjunction witli the leukocytes, tend to neutralize 
or destroy the antigen, and in this way produce an immunity. Thus the 
cellular and hunuuTd theories of Metchnikoff and of Ehrlich, respectively^ 
are ogether necessary to explain the mechanism. Metchnikoff ’s phago- 
of tho tn't’ih 1" ”1’/ f .'•'■Cfniiitfl tlio importance of the cooperation 
as a fn, /’-f ’1""^ addition, it stands 

sistanc caatr.butory faclor in both natural and acquired re- 

tnm tba d n nit" ^c, but it is equally 

beadmitted liv ovorv whatever else is said, it must 

of t S™ I ,5tl . IL ' a p-apbic and useful means 

«P<mfbcirspeeifica„!iI4 ,1 ** '‘""I’ neutralizing action 

tigens eoniDosed r,f "I ’ i manner render it innocuous. An- 

bodies are ealled haiirrinlt ' colls the immune 

posing the antii’cn Where <i.o I- '• ** ® bacteria com- 

power of causing a p;;cipit!d!In themselves by their 

peculiar properties of thcL various autiboXs 

immunity and to serology will he di«n application to 

that purpose. ' ’ * 'tscssed lu the sections devoted t., 

These immune bodies are soecifie fr.r 

"" >» -p-trsza aSSAr.s' 
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,, ill neutralize no other toxin. The agglutinins called forth by tlie pros- 
, iicL* in the body of typhoid bacilli will not agglutinate pneumococci, 
liiul v'ice versa. This idea of specificity was not fully appreciated until 
llu* work of Roux and Yersin, and of Kitasato on true bacterial poisons, 
as opposed to unspecific poisons or ptoniains. Since that time, bow- 
over, the multitude of observations, recorded and unrecorded, have left 
no doubt as to this question, and the specificity of immunity is one of 
t)ic most important factors underlying serological tests and serum 
therapy. 
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TOXIN AND ANTITOXIN 

Experiments show that toxins arc solubh* in water and slowly dial\za- 
hle through thin membranes. They are uiicrystallizablo, differing in 
fids way from the ptomains. They arc precipitate<] along with peptones 
dy alcohol, and by ammonium sulphate; they resemble alhumoses to a 
considerable extent in their reactions. Heat and cold diminish or t <*- 
'’L'oy their toxicity. Their potency is also diminislied by the addition 
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of iodinterehlorid * and of other chemicals. ' They are highly specific ^ 
their action, both in animals and in the test-tube. In the former, th^ 
tend to attack certain types of cells, possibly because of chemical affiisi. 
ties, and thus give rise 1o characteristic symptoms. All true toxins ha\e 
the power, when injected into the animal body, of exciting the production 
of specific antitoxins and in the test-tube as well, as in the body thc^o 
antibodies counteract or neutralize the effect of the toxin. 


Antitoxins are also precipitated by ammonium sulphate, coming down 
with the globulin frat'tion of the serum. Park; and Atkinson^ and 
Pick* have shown that the globulin precipitate carries with it all the 
antitoxic power of llic serum, and that the filtrate contains no protective 
substances. Atkinson has also showm that the globulins in a horse 
which is being immunized are greatly increased as the process goes on. 
hrom these observations it is apparent that antitoxin is either a protein 
substance closely related to serum globulins or it is very closely bound 
to the globulins in the blood stream, (libson and Banzhaf® showed 
fuither that the globulins, which are insoluble in saturated sodium 
<*hlorid solution, carry with them no antitoxin. Based on these observa- 
tions, the concentration of antitoxin is now siicoessfully carried out in 
an economical manner, and has proved a, great advantage both in the 
supplying and administration of large amounts to patients. Antitoxin 
IS relatively thermostabile, being unimpaired by heating to 56® C. for 
a considerable period. 


The Nature of the Toxin-antitoxin Reaction.— Since the exact chem- 
ical nature at toxins and antitoxins is unknown, and sinee neither has 
been ol.tame,] ,n a iniro form, it is inipos.sih)c to investigate the exact. 

Naon nlrt 'nri""Tl substances like 

wZ'l "'"““'/"r™*""- In oih.r words, it is impos.sihl'e 
tlnl^lt ’ *1 "fy^in and antitoxin is “saturated” or neu- 

Srt ■ -mimals and by observing the 


of ItL"" "" "^Planation of the reaction 

In wiich Tur'is r";' "' t ”- 

l^as lot ti l c r <-><'<^omplishcd. That this 

with lohrl venom who worked 

resisting a temperature of‘lOO'>S'’"flrn" i"'". n *’'■ th'‘™'’»tabile. 

antivenin is riitivlty thernlolahile On the other hand, 

its antitoxin in such quantities that theSffSS 
ttible. On heins heated, however the Sire Iw “"'I"™ '^’*1 
that aflor the heat Imd destroyed tiJ ^ *u 

and retained or resumed its former eharS^ tox.„ ^as freed, 
not injured but simply bound by the auHtoxin w ^ 1. 

that the same held true for the toxin oTkJX showed 

antitoxin. “ Bacillus pyocyaneus and its 


•Behrinff advised the use of iodintPr/.Ti7«w;j i 
few moeolatione, io imm„a»ing aaimau'agS a‘?pWh“h 


the toxicity of the first 
toxin. 
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That the toxin-antitoxin combination was in the nature of a chemical 
1 .ion was the belief of various workers and this conviction was strength- 
r.icd by Calmette’s observations, in which it was shown that if a suffi* 
o.ent time was allowed to elapse after the mixture was maile, the toxic 
rrfect could not be produced by heatingr. This emphasizes the importance 
cf the element of tin^e, and supports the chemical nature of tlie union. 
Martin and Cherry® similarly showed the importance of time in the 
iraetion by filtering mixtures of toxin and antitoxin through fine filters. 
The pores of the filters were of such a size as to permit the escape of 
small molecules such as that of the toxin, wliereas the larger antitoxin 
molecule was held back. They found that if they filtered the mixture 
directly after it was made, most of tlie toxin was obtained in tlie filtrate. 
If, however, they allowed the mixture to stand, after mixing, less of the 
toxin was recovered after filtering, and after two hours no toxin what- 
ever was found in the filtrate. It was therefore thought probable flmf 
the toxin-antitoxin combination is a chemical one, recpiiring time for 
its completion. 

The view that the combination is of a chemical nature received fur- 
ther support by the demonstration by Elirlieli ’ in t(‘st-1nhe experi- 
ments, that the reaction followed roughly tlie law of multiple propor- 
tions, and was accelerated by heat, and by using the reagents in a 
concentrated form. 

This work was Sone by Ehrlich upon ricin, the poisonous element of 
the castor-bean, which has the power of agglutinatitig red blood-eells. 
Neutralization of the ricin with antiricin, previous to mixing with n*d 
blood-cells, results in preventing agglntinalion. Here Klirlieh found 
h method of determining the results of liis neutralization experiments 
•ill vitro, without recourse to animal tests. Tlie, so visible* results were 
afterwards confirmed, however, by the inoculation of animnls. The close 
resemblance to known chemical reactions was evident fnan the experi- 
ment, in which he set up a scries of (piaritilal ively graded mixtures of 
ricin and antiricin, using rabbits’ rod blood-eells as indieators. This 
experiment showed that definite fpiantitative r(*lations (*xisted between 
the two substances closely following the law of multiple profiortions so 
well known in chemistry. Incidentally his ex]>eriTnents also showed 
conclusively that tissue cells have no part in the toxin-antitoxin reaction. 

Ehrlich’s observations on the relation of heat and cold to this reaction 


were confirmed by Knorr." 

In the case of diphtheria toxin, the union of the poison with the 
tissue-cell is not so firm as is the case with lexanus toxin. I he longer 
the toxin is in contact with the cell, however, the firmer is_the union. 


It is important, therefore, in using antitoxin as a therapeutic measure, 
Hiat the administration be performed at the earliest i>ossih]e nioiuen 
The dose should be large enough to neutralize all fiee toxin as ve 
's that which is loosely bound, with an ample excess, to f ca wi oxm, 
^•ring prepared by the microorganisms at the site o ^ , 

With the establishment of the therapent.c value of hem and 

^otanns antitoxin, and especially after Bhrhch had demonstrated the 
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facts concerning? the quantitative relations between toxin and antitoxni, 
Behring decided that any work upon these substances should be bas^ ii 
upon a standard toxin unit which, in the case of diphtheria, he ari.i, 
trarily set as that amount of toxin sufficient to cause the death of a guin- n 
pig of 250 grams weight in four days. This unit is called the MJj.I), 
(minima dosis letlialis). . 

In collaboration witli Elirlich, Behring then set the standard of anii- 
toxin. Tliis has undergone certain alterations, and now the unit stands 
as the quantity of antitoxin which coniptetely neutralizes 100 M.L.D. 
of toxin. This standard lias boon adopted the world over. Since toxin 
deteriorates much more rapidly than antitoxin, the latter has been 
preserv'ed as the government standard. In order that all workers should 
be provided with identically the same standards, the various governments 
have provided antitoxin which has been desiccated and kept in powder 
form. Stor<‘d in the dark, in a cool atmosphere, it may be kept for long 
periods of time without appreciable deterioration. 

As stated above, toxin is much more unstable, and this led to im- 
portant observat ions by Ehrlich. He established the amount of toxin 
which was just neutralized by one antitoxic unit, and called this L,, 
(L moaning Limes, or threshold). He then established the amount of 
toxin which, besides neutralizing one unit of antitoxin, contained enough 
toxin to kill a 2r)0.gram guinea ])ig in 4 days. This toxin value he called 
L^, and in determining the strength of toxic filtrates it is found to be 
a much more accurate means than L,,, since it allows of less variation 
to estimate the quantity of toxin just required to kill than to estimate 
the quantity which just neutralizes one unit of antitoxin. 

To summarize, then, we may state that: 

M.L.D. the amount ot toxin which just kills a guinea pig of 250 grams 
in about 4 days. 

L„ - - the amount of toxin which just neutralizes one unit of antitoxin. 
L^. : the amount of toxin which, besides neutralizing one antitoxin 

unit, leaves enough free toxin to kill a 250-gram guinea 
pig in about 4 days. 


The titrations for arriviii!' at these amounts of toxin are accom- 
plished by injoctiii}; several Miiiea pigs subcutaneously with varying 
quantities of the toxic filtrale which is being examined, or in the eases of 

r.,. and L, by injecting it together with a constant quantity of antitoxin 
(1 unitL 

In making these titrations in a large series of toxic filtrates, Ehrlich 
observed that the same toxin would deteriorate very rapidly as regards 
toxicity, so that the M.1..1). and h, doses would become larger and 
larger as time went on, while the neutralizing power of the toxin, i.e., the 

i“ 1 experiments he con- 

chided that the hapt ophore group of the toxin molecule {see Ehrlich’s 
sidc-chain thcorj- page 2241 remains the same, hut that the toxophore 
group becomes altered on standing for a time, this altered toxin being 
less potent as regards toxicity. These deteriorated toxin molecules were 
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7 :>rmed toxoids. By this ingenious explanation, it is easily stM*n, there- 
fore how the presence of toxoids in a toxic tiltrate would not change 
die neutralizing power (the L,, dose), but would increase the amount 
necessary to kill, whether it he the M.Ij.D, or the L, dose. Thest' ob- 
servations of Ehrlich have been confirmed by many observers until, 
at the present time, „ toxins used in the actual immunization of hors(‘s 
for therapeutic purposes are allowed to .stand for a time until tlje de- 
terioration has reached a more or less stationary point. In this way a 
much greater uniformity is attained. 

Another apparent paradox wa.s soon discovered hy Elirlieli. He nat- 
urally expected that in spite of the deterioration of tht* toxie nmlecide 
into toxoids, the difference in the values of I.,, and E of any given 
toxin at any given time would be equal to one toxie unit, or one M.L.l). 
As a matter of fact, he found that it amounted to many times wimt 
would be expected. The following protocol, taken from Ehrlich's work, 
illustrates this point: 


M.L.D. —0.01 c.c. of the toxic filtrate, 

L --2.01 e.c. or 201 M.L.D. 

™1.0 c.c. or 100 M.L.D. 

Piffcvenop =-].01 c.c. or 101 M.IJ.D. insl.'ml <.f 1 M.li.P.. .is mifrlit lie 
expected. 

To explain this curious fact, Elirlich was forced 1o lidicvc lliiil toxins, 
or certain portions of toxic, filtrates, vary in their coiiilnninir aflinity lor 
antitoxin. This is an important principle in ins explanations ol scinm 
reactions. At first he thought that certain of the toxoids nngh possess 
a weaker affinity for antitoxin. These he called epitoxmds. hater lie 
discovered that what ho had called epiloxoids were presen • 

beginning in the toxic broth, before any deterioration 
take place, and were probably primary .secretory prodnets ol ^ ^ ; 

organisms, just as in toxin. This concept ion was ‘'''''fi'''"''; ’ 

experience, and this second prodnet was 

toxophore group i.s quite different. Tins we shall I,;,,,,,',;” 

toxons possess a weaker affinity for antitoxin oni ‘ 

Hence if w^e have a hypothetical mixture o omo m ^ 

«„ ,M.b -M 

guinea pig would be negative. As a ma „rtirtvhi must coulain 

fures of toxic broth which completely neutralise ant tox.n must 

toxin-antitoxin molecules and ,„„|,'s.nle which has a 

If to such a mixture we should add one • moteeule 

greater affinity for antitoxin than ^l' I the freed 

would be dissociated and the toxin nioleei free. In the 

antitoxin molecule. This would leave one ' , .j would be two 

same way if we should add another ,„xons in 

free toxons. If we should add as many toxins as tin rt 
VoL. I.— 16. 
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the original mixture, all the toxons would be free. If still another toxin 
is added, it remains free and the resultant mixture becomes toxic t'j 
the guinea pig. This is well illustrated by a further quotation from 
Ehrlich’s work, and is an example of his “partial saturation’’ experi- 
ments : 

100 toxin-antitoxin -f 100 toxon-antitoxin — Lo 

Add 1 toxin unit (M.L.D.) and we have: 

101 toxin-antitoxin -f- 9^1 toxon-antitoxin -t- 1 toxon free. 

Or add 100 toxin units and we have: 

200 ioxin-antitoxin -{- 100 toxon free. 

Noaa' if w(‘ add 1 toxin unit we have: 

200 toxin-antitoxin -|- 100 toxon free-|-l toxin unit free=^L+. 

So we see (hat the apparent discrepancy between the L„ dose and the Ti, 
dose is due to the pn*s(‘nce of toxons in the toxic, broth. These toxons 
are of use in lunitralizing antitoxin, and therefore are of service in 
making up the L„ mixture. They arc not toxic, however, in the same 
sense as toxin, and therefore are inert, as regards the L, dose. Never- 
theless, in making up the latter, enough toxin must be used to first di.s- 
placc all the toxon from its weak union with antitoxin, before any 
free toxin will be available to kill the guinea pig. 

What, then, are the properties of toxons? It was observed tliat 
they lack the power to produee acute death, but that they do cause 
emaciation and jiaralysis. That is, in the above example of Ehrlicb s: 

100 toxin-antitoxin -f 100 t on-antitoxin no effect on guinea 
pi S'" 

t-'OO t<.xin-mitiloxi.. + 10-. tox.m free^ .slow emadation an,l na- 
ralysis, and .,tnal death. 

h, 200 toxin-antitoxin rlOO toxon free + 1 toxin free^ acute death 
in 4 days. 


so ell'rrr?*' diphtheria witli 

.SO- called late paral.vsis of palatal mus<.les and vasns involvement. Elir- 

tn'»\!Z‘’X u”\‘’. T'"" "“PPorted by Dreycr and Mad- 

the ae ion o^riV’^ actual experiment that the deductions regardin? 
SL !“re oor!t“’''‘T t" free toxon but no fre^ 

produeed immnnitv t^t'* J^a.se mixtures possessing free toxon 

with that of the toxin molecnle molecule is identical 

Thus we have three distinct elements in the toxic broth: 
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1. Toxin present as a primary excretory product of tlie bacteria ; 

produces acute death. 

2. Toxon:— present as a primary excretory product ; produces; slow 

emaciation and paralysis. 

3 . Toxoid: — derived from toxin by (b‘1erioratioii ; not exen^ted by 

the bacteria as toxoid. 

These elements possess one thinj? in common- - a similar liaptoplmrc 
or combining group. They differ in the toxoplioro group only, Thorc 
fore the antibody they call forth, wlioii used as an antigen, is similar, 
i.c., antitoxin. These fundamental facts intlncnoo, as wc shall sco, the 
modern methods of producing antitoxin for tln'rapmitii* nso. 

Before leaving the subject of the nalnro of lln' toxin-antitoxin union, 
it may be well to mention another point regarding tin* [»iesent eoneop- 
lion of this phenomenon. This is Ihe “absorption theory*’ of Bordet. 
Ho believes that when toxin is mixed with antitoxin in amonnls !iot 
sufficient to neutralize completely Ihe former, the antitoxin molocnles 
do not completely saturate or neutralize the to.xin molecules until all 
the antitoxin is used up, tlnis leaving a (*ertain amount of free toxi?i. 
On the other hand, be and bis followers believe that (saeli molecule of 
toxin in such a mixture is only partially saturated, and thus an attt'uu- 
ation of the toxin .is accomplished. 

The following list of antitoxins is adapted from Wassermann : 

T. Antitoxins for bacterial toxins. 

Diphtheria antitoxin. 

Tetanus antitoxin. 

Botulism antitoxin. 

Pyocyaneus antitoxin. 

Symptomatic anthrax antitoxin. 

Bacillus aerogencs capsidatus antitoxin. 

Dysentery antitoxin ( Shiga-K ruse ) . 

Antileukocidin, an antitoxin for the leukoeytic })oisoti of the 
, staphylococcus. 

Antitoxins for the biood-dissolving toxins ot a numlx-r of 
bacteria. 

IT. Antitoxins for animal toxins. 

Antivenin for snake poison. 

Antitoxin for scorpion poison. 

Antitoxins for spider poison, and wasp poison. 

Antitoxins for certain poisons of fish, ccl scro.i., salamiUKlcr, 
and turtle. 

1 II. Antitoxins for plant toxins. 

Antiricin for a poison of the castor od bean. 

Antiabrin, for a poison of tlie jc.piirity bean. 

Antirobin, for robin, a locust tree poison. 

Antierotin, for crotin. of the croton oil bean. 
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IV. Anti ferments. 

Antiminet. 

Aiitipopsin. 

Antitrypsin. 

Antifibrin ferment. 

Antiurefjse, for urease, a urea splitting, ferment. 

Antisteap.sin. 

Antiferments for the ferments of bacterial cultures. 

The Production of Antitoxin for Therapeutic Use. — ^Park^® gives the 
following (iireetions regarding the methods in use in the laboratories of 
the Health Department of New York City: 


A strong diphtheria or tetanus toxin should be obtained by taking 
a very viruhmt culture aud growing it in broth. The following directions 
apply to tl»e production of diphtheria antitoxin: 

The hoi'ses used should be young, vigorous, of fair size, and abso- 
lutely healthy. They are severally injected with 10,000 units of anti- 
toxin, so as to allow for giving them a much larger dose of toxin than 
would otiHM-wise be safe. This means a gain of several weeks in time. 
Uie following figures give the actual injections in a horse which pro- 
<luced an unusually high grade of serum. 

An injedinn was first sriven of 10,(M)0 units of diphtheria antitoxin 
Injections of f„xm wore friven at first every two days, and then later 
e\ery three days m the following amounts: 

h’irst .lay, 12 c.c. toxin (0.0025 c.e. fatal do.se). 

dav intolva^r’ ‘ii '"•'“li,'”''' without antitoxin at three- 

■ ec S . o 1 n ^'’"''",1- 20 00 c.e., 40 c.c., 50 c.c., 60 

am ^ 1!>0 C.C., 170 c.c., 205 c.c. 250 cc 

uZum if V' Rradually ’increase.! 

nlil .. . fl,.. sLxtioth .lay 675 c.c. were -ivon. The whole iniection 
Mas not, one place, hut divided into six or eiffht portions. 

225 units."!, n"'X 5,!™.^)!' ,hv'‘^'-0 """”1 "" 

units. Kegular bleedino-« j/ sixtieth day 1,000 

when the serum had faP a to^fiOO f months, 

inereasing, doses of f(,xi„. ' weekly, gradually 

After the antitoxin fi+nv. V slower increase is attempted, 

blecdinj? is don! i„‘in cvhn.l!L?" ® satisfactorily high, 

vent clotting. The ciJ^Jcd Xr' to pre- 
sulphate so as to produce a ‘lo'uer no saturated ammonium 

to 60» 0. f.,r one ran, i fir , ^ “ heate.l 

to 50 p,w ce,fi. spumed a^L! Alfate is raise.1 

(entaining the pseudoglobnlins™“„r with th^'T’* Precipitate 
to remove excess fluid Dhi« ssfnr. • ^ith the antitoxin) is pressed 
flu.d (this step IS very important), and dialyzed until 
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from s&lts. T1 i 6 precipitate is by ibis lime dissolvt'd in the fluid 
which has entered the dialyzing bag and 0.3 trikresol is added lu pre- 
serve the sterility. It is then passed tlirough a lbTkf(‘ld filter, sealed 
in vials, and is ready for use, after standardization. Samples m-e e\d 
lured to test the sterility. 

To standardize tlje antitoxin, all laboratories must liave a unit*(u-m 
basis upon which to proceed. Antitoxin is measured in t(M’nis (d’ toxin, 
and consequently this requires the proper standardization of the toxin 
used. Antitoxin is more stable than toxin, and for tliis rt‘as<tn it is 
supplied to the various laboratories by the ITyirienie Laboratory at. 
Washington, where it is kept preserved in powdered form over ari- 
hydrous phosphoric acid in sealed tubes. Tlie toxin is titrated against 
this standard antitoxin, and the dose aseertained. This dose is the 
amount of toxin which will not only neutralize one unit of antitoxin, 
but also will provide enough toxin to kill a 2r)()-grai]i guinea pig i?i four 
days. This assures a much more definite cnd-p()int Ilian tliat of (‘sti 
mating the L,, dose of toxin. 

Having thus determined the Tj, dose of toxin, this amount is inixrd 
with varying -quantities of the unknown antiloxin. The coneentrated 
antitoxin will probably contain 1,000 or inon* units ])(‘r e.c. Tlius, the 
L, dose of toxin is mixed with one e.c. (*f tin* following dilutions of 
unknown antitoxin: 1:500; 1:600; 1:700, ete., and tlie.se mixtures ai'e 
injected subcutaneously into guinea pigs weighing 250 grams. The mixe<l 
toxin and antitoxin must remain together for at le.-ist fifteen minutes 
before injection to allow conijilete union to oeeiir (Park). 

The following protocol will illustrate the test : 

Injections of toxin-antitoxin mixtures: 

(1 ) L^. dose of toxin 0.0004 c.c. unknown antiloxin death in 1 day, 

(2) Ij^ dose of toxin 0.0006 c.c. unknown antitoxin death in 2 days, 

(3) L, dose of toxin -1- 0.0008 c.c. unknown antitoxin death in 3 days. 

(4) Lj dose of toxin 0.001 c.c. nnkiiown aiit itoxin dies on otii day. 

(5) L+ dose of toxin -|- 0.0012 c.c. unknown antitoxin living alter 

5 days. 

(6) L+ dose of' toxin -1- c.c. unknown antitoxin living after 

5 days. 

In the above experiment, guinea pig No. 4 must liave received at. 
least one unit of antitoxin. (We must discard Ihdiriug s old defuii 
tion of a unit of antitoxin, which holds true only if we are using normal 
toxins and antitoxins as at first devised by him. I nder present mid hods 
of standardization, a unit of antitoxin man amount of 

antitoxin which protects a 230~gram. guinea pig for four (tags against an 
h, does of toxin.) The unknown antitoxin tliervfore contains in eaeli 
c.c. at least 1000 units of antitoxin, but less than 1— >0 units, since 

^1 0008 c.c. ( c.c. ) failed to protect. Another series of guinea 

pigs are then injected with amounts ranging between tho.se points, 
order to ascertain more accurately the exact antitoxic con 
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Tetanus antitoxin is tested in exactly the same manner as in dipi - 
tlieria, except that the serum is tested against .1000 fatal doses of tetani;., 
antitoxin, instead of 100 fatal doses as in diphtheria toxin. 

Antitoxin for use in diphtheria is used therapeutically in doses ran^. 
ing from nOOO units to 100.000 units, (»r even more. The prophylaetn* 
dose is from fiOO to 1000 units. In tetanus, the therapeutic dose is 5000 
to 20.000 units, and the prophylactic, dose about 1500 units. 
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AGGLUTININS AND PREOIPITINS 

In the previous sections wo have been discussing the nature of im- 
niuiKi of I lie firsi order, iieeordiiis to Elirlieh’s side-chain theory. 

We now eoine to a coiisiiloration of Die reecplors or antibodies of tiir 
MWiiid order I lie.se include a<r<;liitinins and precipitins. These immune 
aulislanees difier from those of the first order in that they are more 
y.’,!"!’, ' il, ‘r ' « I'i'Pfopliore or combining group 

of whii I. 'll!' " " 'T*^ a swiid or zimophore group, by means 

^ A^ot- to further change. 

^ '!'■**“ ''‘‘ceiitors are produced in restion.se to antigens 

-rta- protozoalas 

various worl ers heft r Vi lollowiiig the observations of 

vaiious vvoiK, IS before the., , called attention to the action of homoloeons 

< uilon h.n dll into .■.•olaet with the serum of a guinea pi.r which had 

h . ved 'hTu'r.Tir”'' tnieroorganisms, it wa,s 

Lp we e I" n that flkkes or 

ThI ..I'nilns w,;^ f,I 1' the bottom of the tube, 

had apparently a.lheiTd to^eiVolher*^ 

h„etm'ir‘oroJertvr’""‘“'‘' did not occur when 

enough, tt;^ oZt 1 air nr: 

“'cre was a group reaction,” inasmuch 
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rlie serum of a colon-immune animal could cause a moderate arrf?luii- 
iir tion in cultures of microorganisms allied to the colon bacillus, such 
;(S the typhoid bacilli. Nevertheless, the specificity was of such a high 
cnler that the specific antigen was found to be agglutinated by much 
o-reater dilutions of the serum than any emulsions of even closely allied 
types of bacteria. ®oon after, applied the knowledge thus ob 

taiued to the diagnosis of typhoid fever. ITe fouml that tin* serum 
of patients suffering from this disease contained agglutinins which were 
liighly specific for the typhoid bacillus, and that by bringing a drop of 
such serum into contact with a drop of a broth culture of Bacilhis tih 
idiOiiUS, he could observe the agglutinatiou a<'1ually oeeurring under 
the microscope. It was soon found that the converse of tliese 
reactions also took place. In other words, given a serum immune to a 
certain type of microorganism, it could he used to determine the id-mtity 
of an unknown culture. Thus if we wish to determine llie nature of an 
unknown bacillus suspected of belonging to the typhoid haeillus group, 
we may bring it into contact with a known typlioid-immune serum. 
If it is agglutinated, we can say definitely that it is the typhoid haeillns; 
if it is not agglutinated, we may try it out with sera immune to other 
microorganisms, until its identity is establishe<l. 

The principle here involved has had a vtwy wide application, not 
only in the identification of various species of bacteria, esp('cial?y those 
of the colon-typhojd-dysentcry group, but also in determining various 
types of the same species. Thus Cole, aud his associates.^ as well as 
Lister,* have succeeded by this method in disenveririg s<*veral types of 
nneumoencei, and Shiga in a similar manner diseover(‘d tlie particular 
type of dysentery bacillus which bears Ins name. 

There are two methods of performing the agglutination tests, tho 
microscopic and the maero.scopic. For the microscopic method, very 
little blood is needed, and it may be sceiir<*d by pricking the patient’s 
ear or finger, and drawing the blood into a Wriglit eapillary ea[)sule, 
in which the serum is separated by standing or by e.tnitrifnge. Blood 
to be sent to laboratories of various Boards of Health from a distanee may 
he allowed to dr^ on a piece of glazed paper, or on a ground-glass slide. 

For the macroscopic method, more blood is nc<‘de<l, and is readily 
obtained by puncturing the vein at the bend of tlie (‘Ibow with a hypo- 
dermic needle attached to a 1 c.c. syringe, and transferring tlic blood to 
a narrow test-tube which may be placed in a eenirlinge to facilitate tlie 
reparation of the serum. Indeed, this procedure is so simide and so 
effective that the author adheres to it even when desiring to use the micro- 


r<'opic method only. . i-, i 

A. Microscopic Agglutination Test.— 1. Tlie s<Tum is diluted 
i : 20 with a normal saline solution. This may b.‘ accomplished by pla(Mng 
e drop of serum on a watch-glass and adding 10 drops of saline sn ntion. 
A very convenient method is to use the white eell^ ])ipet o a lernocy 
meter outfit, drawing the serum to the mark 0 . 0 . tlien saline to the 
U mark. Shake and expel the mixture onto a watch-glass or glass 
' 1 ide. 
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2. With a 4 mm. platinum loop place a drop of the 1:20 diluti.,ii 
of serum near the center of a clean cover-slip. 

3. Using the same platinum loop (sterilized in a bunsen flame), 
place a similar drop of a twenty-four-hour culture of B, typhosus 
grown at room temperature, beside the drop of saline on the cover-slip. 

4. Mix gently without spreading the drop toQ widely. This givrs 
a 1 : 40 dilution. 

5. Invert a hanging-drop slide, the vulcanite ring of which hns 
previously been greased with vaselin, over the cover-slip and turn right 
side up so tliat tlie drop will hang suspended in the center of the vul- 
canite ring. The vaselin will hold the cover-glass securely in place, and 
will prevent evaporation during the test. 

6. Proi)are a second slide in the same way, only this time instead 
of diluted serum, use saline solution. This is the control. 


These preparations are now allowed to stand at room temperature 
for half an hour, at the end of which time the control slide should be 
examined under the high dry lens of a microscope. The bacilli should 
be uniformly distributed about the field, and should exhibit active mo- 
llify. Now examine the test slide in the same way. A positive reaction 
IS indicated by loss of motility and definite clumping. A few free bacilli 
are somel imes seen, and occasionally tbese are motile, but the overwhelm- 
inff iiunibor «rc an<1 inotioriloss. A doMful reaction is 

(lu.iled by partial loss of motility mid a few indefinite chimps. A 
troT '"<^•"’''^<’<1 l>.y an appearance identical with the con- 

liiro^of Tkst (Dreycr Method M.-The cul- 

'Moetihlill' bfp/ nl •' O'- Mti to be used should be 

wo i f "'*<> t>'a'a broth and inenbalod at 37“ 0. for from twenty- 

cent of shaken up and 0.1 per 

atta n that d'i’y nKl’Tn tl Shahe 

sterile after 

filter paper if not entireh"'!? ' <l>rm]gli sterilized, coarse, 
with rnhher corks ,, r ! u ;' ^ ''T’ P"* sterilized bottles 

Sie^fiiLi-ri "ituhfh:: 1™ 

is the culture control, and wd7cm"lainVn"y^s 

emulsion. ^ saline solution and bacterial 

<loubles the dilution w''\hat^we- 

followintr dilutions of serum - l-op 1 - 40 i ® «n containing the 
1:12H0, 1:2560, and 1 : f.m Ti^enth’J.h ’ ^ ^ = ^ ^ 

only culture emulsion and saline wlJtioS. ^ 
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5. Each tube is shaken thoroughly ami the i*ack is placed in the 
}(i, rniostat at 37® for two hours, or at room temperature for twentv-feur 
when they are examined. 

If a measurable amount of agglutinin is contained in the serum, one 
or more of the tubes will have become clarified, and less opalescent, 
A light flocculent deposit will be found at th(‘ bottom of such tubes' 
nliile the control tube will remain diffusely turbid. 

A positive result in Tube 1 (1:20) only must be r«‘garded as a 
doubtful reaction, and such serum should be tested again a few days 
later, as some normal sera give rise to agglutination at this dilution. 
Well marked agglutination in dilutions of 1 : 40 or uwy may be lak(*n 
as definitely diagnostic of active typhoid (or paratyphoid) infection. 

C. Aggltttinaiion Tests for Determination of I'vpes of Pnef- 
mooocgtts. — Since the researches of Doehez and Gillespie/’ Avery and 
Dochez,® and Lister^ on the biologic and serologic classification r»f pneu- 
mococci it has become a common practice to determine the types of the 
infecting pneumococcus in cases of lobar pneumonia, with a view to a 
more intelligent use of the therapeutic serum available for Type 1 cases. 
The following description of the test is based larg(‘ly on the nietliod 
given in the monograph issued by the Rockefeller Institute for Med- 
ical Research upon this subject in October, 1917 : 


A small portiop of the sputum, about the size of a bean, is washed 
in sterile saline solution to remove surface contaminations. It is then 
transferred to a sterile mortar, ground up, emulsified in 1 e.c. of sterile 
broth or saline solution, and inoculated intrayieritonenlly into a white 
mouse. As soon as the mouse appears sick, a droi> of peril mieal exudate 
is withdrawn by means of a capillary pipet, and examined by staining 
a film with Gram’s stain. If an abundant growth of i)neumoeoee,i is 
present, the mouse is killed and the peritoneal cavity is opem‘d with 
sterile precautions. The peritoneal exudate is then washed out with 
a sterile saline solution, using a pipe! to which is attached a rubber 
nipple. The emulsion is centrifuged at slow speed for a few minutes, 
to throw down cells and fibrin. The supernatant bacterial eniulsirm is 
then transferred to another tube, centrifuged at high speed, and the 
resulting sediment of bacterial bodies is suspended in a fresh saline 
solution. The concentration of bacteria should he similar to a good 
eighteen-hour broth culture of piieumocoeeus. 

Rive small test-tubes are set up as follows : 


Tube 1, 0.5 c.c. autipneumococcus serum Ty])e 1 (1:20) | O.o e.c. hue- 

terial suspension. ^ i . • i 

Tube 2, 0.5 c.c. antipneumococcus serum Typ(‘ IT -f- 0..) c.c. )ac (.ria 

suspension. ^ ,,, , - » . 

fube 3, 0.5 c.c. anti pneumococcus serum Type II 1 : - 


icriajL suspeiisiiui. i nr « Kan 

Dibe 4, 0.5 c.c. antipneumococcus serum Typ<’ TH d • 

terial suspension. , 

! nbe 5, 0.1 c.c. sterile ox-bile -|- 0.4 c.c. bacterial suspcuNion. 
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The tubes are raTof 

fTJ^lte""n."SrMinUi,» ow .r.d Tab. 5 Aow. rfution «( i!, 

-™ ““^“aSrJ w r.'ri.s-,sr. ;i 

emulsion fails to dissolve in bile, it is composed of 

D. Aaai.T’TiNATioN Tkst fob the Selection op Donobs fob Tbans 
FUSION OP I5I.OOI).— Tl is some years since transfusion was first resorted 
to as a tlierapeiitic measure. It was then thought to be of use only in 
emergency cases, and was not a common procedure. Recent simplifica- 
tion in teclinic has brought it into popular favor, and this form of 

TTT (1 agjrhitmin — 

(7 per cent, of all persons; 


I (No aRKlutinin) 

(10 per cent, of all persons) 



II (1 ag^^luliiiin— “ A ”) TV (Both agglutinins — “A + B”) 

(10 per cent, of all persons) (-13 per cent, of all persons) 

PlO, 4 . — AflOLOTINATlOX OF THE COKl’USOI.KS OP THE VARIOUS GROUPS UY THE SERUMS 
OP TUB (fKoui's PRO.M WiucH TUB ARROWS Lead. (After Sanford.) 


tlierapy may now be utilized by any physician who is willing to acquaint 
himself with the jirinciples invel^ ed, and the actual operative procedure. 
The obstacles in tlie way of : aiisfusion at present are not difficulties in 
the operation itself, but f^ .u's arising from the knowledge that the selec- 
tion of a donor is a matter of great importance, and that the results 
may he most disastn-as if a weak, perhaps dying iiatient, is suddenly 
overwhelmed by tlie iiitroduetiou into his veins of incompatible blood. 

The researches of Landsteiner first drew attention to the action of 
the serum of one individual upon the corpuscles of another individual 
of the same species. It was found that the serum of one animal of a 
species agglutinates or hemolyzes the corpuscles of another animal of the 
same siiecies. For this we have the term “iso ’^-agglutination, and 
iso -hemolysis. This is not auto-agglutination and autohemolysis, which 
latter terms would imply the agglutination or hemolysis of an animal’s 
corpuscles by his own serum. Auto-agglutination probably never takes 
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{ij.ice, according to Moss/® but the same author siipfjjests that autohemoly- 
takes place in instances of paroxysmal henio^lobiiiuria. Out of 213 
(.jncs investigated, autohemolysis was ol)serve<l only onoe, and the autlu)r 
t!;jiiks that the hemolysis in that iiistanee may lia\‘e he**u due to ex- 
tiatieous causes. For all practical purposes. lli(‘roftu*(‘, aulo-a^jrirlutiiia- 
tii'ii and autohemolysis may be disrejiardetl, and our attention coniined 
to iso-agglutination and isoliernolysis. 

Landsteiner pointed out that human beinirs may be (-lassified into 
frroups, by studying the action of (he serum of one person upon the eor- 
puseles of another. He suggested three groups. A, B, 0. Mos.sd" in 
imO, discovered that there were four groups, and his contention has 
been confirmed many times since, and is muv aeeej>ted as fully esiah- 
lishod. The interrelation of the Moss aggintination ‘r>'ou])s is easily un 
(lerslood from the accompanying diagram (Fig. 4 ), taken from Saufnnl.” 

Five per cent, of all people belong to Clroip) I. (Jrou]) 11 eoinju-ises 
42.5 per cent.; Group ITT, 9 per cent.; and (Ironi) IV, 13.5 per cent. 
These figures are approximate and based on the observations of San- 
ford on 943 persons. 

The following is a summary of the findings of Moss ; 


“Tt was learned that iso-agglutinins and isoliemolysins appear witli 
approximately the same relative frecpiency in h(‘al11i and in disease, ami 
therefore have no diagnostic significance. Tn a numh<‘r of healthy in- 
dividuals whose blood was repeatedly tested at varying intervals of time, 
the agglutinating action ■was found not to vary, while in some inslamM‘s 
the hemolytic action which was present in (‘ai’licw tests was absent in 
subsequent tests. There are at least three ditTenmt iso-agglutinins and 
liirce iso-hemolysins in human sera, and thr(M‘ difiVnud iso-atrirlntino- 
philic, and three isohemol.ysiiiophilic ree(*pt(»rs ])ossesse(l by human red 
blood-cells. 


“There are human beings ■whoso sera contain no iso-agglutinin ami 
HO isoliemolysin, but whose corpuscles possess receptors for iso-avirlti 
tiniii and isoliemolysin. 

“On the other hand, the corpuscles of a given individual may possess 
no iso-agglutinophilic or isohcmolysiiiophilic receptors, or tiny may 
jiossess two or all three kinds of these recciilors. 

“The serum of members of any one group will md agglutinate or 
liemolyze the corpuscles of other memliers of I In* shhic group, hut will 
agglutinate and may hemolyze the corjui.seles of members of an\ other 
!^»*oup except those of Group TV. Tliis may liave a praeiieal a])plieatifm 
in the transfusion of blood from one individual f<» another. ... 

“Tso-agglutination may occur independently of isoliemo > sis, 
hemolysis is probably always preceded or accompanied iso-agg u in 
lion. , . , 

‘‘All the sera investigated contained an 
^♦'cted the homologous corpuscles and those of members o f •’ 

^'rom solution by any other serum. with 

“ This antihemolysin is an anti-amboceptor w ic ac . . 
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the cytophilic group of the hemolysin, thus blocking it off from the r* ,) 
blood-cell, and probably consists of receptor groups of the red bloo l- 
cells which have been cast off from the cells, or set free by the physio- 
logical or patliological destruction of the corpuscles. 

“Iso-agglutinin and isohemolysin are thermostabile, that is, they re 
sist heating to 55° C. for 30 minutes. , 

“The aiitiliemolysin is thermostabile, resisting heating to 55° ('. 
for 30 minutes. 

“The origin of iso-agglutinin and isohemolysin has not yet been satis- 
factorily determined. It probably cannot be referred to the destruction 
and resorption by an individual of his own blood.’’ 


Tests made upon patient and donor after the transfusion is no cri- 
terion as to the relation of their blood before the operation, because 
it has been shown by Ottenberg’^ that in many cases the agglutinin in 
the patient ’s serum is absorbed by the sudden presence of receptors 
of the donor’s eorpuseles. In other Avords, many cases in which the 
patient’s serum sliows agglutination of the donor’s corpuscles would show 
no agglutination after the transfusion. 

The question naturally arises as to the importance or necessity of 
performing the test before transfusions upon patients are attempted. 
A satisfactory basis upon Avhieh to answer this question would be to 
show that eases transfused from a donor with incompatible blood will 
(‘xfiibit untoward results. The evidence on this particular point is neces- 
sanJy meager. The only authentic cases on record are those reported 
t)y Uttenberg in which two patients were transfused from donors whose 
patients’ corpuscles, and two patients whose 
0 X 00^1 I'r ««n>nscles. In the former two cases 

observa. 


1. One J)atieiit slinwecl no untoward symptoms. The other, six 

hours later, developed hemipleftia and coma and died in 
u hours. 

2. Smears made from the blood of the patients after the trans- 

showed ae'-ve phaRocytosis of red cells. 

' ’ 'eorpZ’lof ®?Sbitinated the donors’ 

erat!' amoLnt oT‘LZT- there was only a mod- 

absorkHl by tlie doZs' ZpZlZ Z 

intravascniar aftRluf ination doe.s „„'t ocen? or if h dZl 
toms. This is dependent on three maSorf. ’ 

1. Concentration of the agplntinin. 

3. Interference” w^th excess of agglutinable cells. 

liable cells, so thaf whlnel'”” non-aggluti- 

in size. <^lumps occur they are microscopic 
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Intravascular agglutination can occur, liowever, and is the probable 
^<;nisc of occasional untoward symptoms, or even death, ft>llowing tlie 
|T*;insfusion of agglutinative blood, as in the second case cited above. 
Airfrlufinable cells, when transfused, are taken up In- tlie ])ha^^oeytes in 
tlie patient's blood (Ottenberg) and, for this reason, tlie transfusion 
of jigglutinable blood, even when no accident hap])ens, can be expected 
t,) do little permanent good. 

There are various methods used in the selection of donors, all of 
which have their own advantages. The original method is the macro- 
scopic one, described by Moss, and by Grafe and Graham.’* 

This procedure, described in various texts (Boldnan, Kolmer, etc.l, 
consists in mixing in a small test-tube a definite Quantity of a s\ispension 
of washed corpuscles of the donor with twice the amonnt of the patient's 
serum, and also in a similar manner the donor’s serum with the patient’s 
corpuscles. These tubes of cells and serums are incubated for one hour, 
being examined every few minutes for signs of iso-agglutinins or iso- 
liemolysins. At the end of the hour, if no agglutinat ion or hemolysis has 
occurred, tlie transfusion is usually done, tJiongh some men have advo- 
cated keeping the blood over night in an ice-box before concluding that 
there is no incompatibility. Even a slight trace of hemolysin in tlie 
patient’s serum for the donor’s corpuscles is object ioiiable. Ilr)wever, 
it is a fact to be Tcmembered, that hemolysis does iH)t occur unless it. 
has been preceded by agglutination. 

A modification of this method is a micromacroscopical metliocl. using 
capillary tubes and small quantities of blood, as described by Ottenberg. 


This method is said to he more quickly completed than the preceding one. 

The microscopical method can be performed accurately and with a 
great saving in time. Moss’*^ recently imblished a deseri])tiou of the 
method he is using. Tin’s necessitates the keeping on hand (tf serum 
of Groups 2 and 3. Haiiging-dro]) preparations an‘ made' by mixing 
a drop of suspension of the cells of the individual of tlie unknown group 
with two drops of serum of Group 2; and another preparation is made 
using serum of Group 3. Agglutination with hotli serums places the 
unknown in Group 1. If the Group 2 serum aggluliuales the corpuseh's, 
tlie unknown is in Group 3, and if the corpusch's an* agglutinated 
hy Group 3 serum, the unknown is in Grout) 2. If no agglutination 
occurs after thirty minutes the unknown is in Group 4. ’J he serums 
of the known groups may be preserved for a long time if kept sealed 
and sterile. 

The method described by Brem in 1916 is also microscopical and 
^'ory similar to the Moss metliod, difl'ering in that the corpuscle-suspen- 


sions of known groups, as well as scrums, are used. 

The point is often raised by those wlio do only an occasional trans- 
fusion that it is not feasible to have a1 hand the necessary blood 
woups, and to go through the test as Breni has described il. Th‘» 
true. However, it is a very simple matter to 
lerminp whether a prospective donor’s blood is sni a f. 
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and not really know to wliich group either individual belongs. Tiie 
technic for such a test would be as follows : 

Prom the patient collect from 1 to 2 c.c. of blood in a dry sterile 
test-tube, and allow this to clot and the serum to collect, either from 
standing or from being centrifugalized. In another small test-tube con- 
taining 1 c.c. of 2 per cent, sodium citrate make. a suspension of cor- 
puscles with two or three drops of the patient’s blood. In like mannor 
prepare a tube containing the donor’s serum, and another of the donor’s 
corpuscle-suspension. AVitli a clean wire loop mix two drops of tho 
l)ati(‘nt’s serum with one drop of the donor’s corpuscles on a cover-slip 
and then two dr(»f)s of the donor’s serum with one drop of the patient’s 
corpuscles on another cover-slip. Make hanging-drop preparations by 
inverting over lK)lknv-grouiid slides, and examine with the microscope. 
If, after waiting fifteen minutes there is no agglutination on eilh(>r 
slide, it is evident that the donor and the patient are in the same group 
and the operation may be performed. If the donor’s serum agglutinates 
the patient’s eorpuseles, but there is no agglutination of the donor’s 
corpuscles by the patient’s serum, the transfusion may be safely done 
even knowing that the donor is not in the same group as the patient But 
It the patient’s serum sIk.ws any agglutinin for the donor’s corpuscles 
then under no circumstances should that donor be used, but another in- 
dmdual should be selected for trial, and the test repeated. Except in 
actual emergency transfusions complement-deviation tests for syphilis 
should be made on the blood of donors. sypnnis 

while working with broth filtrates of Bacillus 
pestis and the spirillum of cholera, Kraus discovered that these fil 

iium wouid become turbid Aftor ^ i x* « 

in the wrum were named “preeipitins.”"’ immune substances 

as anfiffens,''H wlir s™n"fl!Im entirely with bacterial filtrates 

act as antisen and tliat the anti 'a ‘^einble native protein would 

Bor-let - ;as able tf ,m,d I;! were highly specific. Thus 

with chicken blood, and v ai milk '^\Th/r?'’i’n 
elied a great deal of lh4 upTihe rl 1 ^ 

with its sppcifieitv, and with'it^a especially in connection 

latter aspect we siiall discuss latcr.'*^ 'euBim in forensic medicine. The 

protein aiid'''is called Vripitimt**'"" * o 

eipitinogens may be made by extractfn"’ei , bacterial pre- 

Indced it has been found tlfat the fn ^ 

either dead or alive, w Ulead S the er r bacterial cell, 

to the presence of the baSal r,ri“ "u This is due 

both agglutinins and preeipitins apparently gives rise to 

is brought into contact with the resniet ^ bacterial bodies 

ng anti-serum, agglutination will 
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t;ii»e place, whereas with the same anti-serum the precipitin reaction will 
eiir if the antigen used in the test proper is made up of the soluble 
ji oteins (bacterial extract) of the microorganism concerned. 

Certain observers have claimed the production of precipitins bv using 
n« Ti-protein antigens, such as ricin and egg albumen digested by trypsin. 
Afler a review of the , evidence on both sides, Kraus “= decided that there 
wns not yet sufficient data to prove that precipitins ('ouhl be induced by 
the injection of non-protein antigens. Zinsser,-* workimr in Friede- 
inanii’s laboratory in Berlin on this problem, using non-protein antigens 
from horse serum by bacterial putrefaction, obtained lu'gative results, 
nrid after a critical review of the experiments of Xieollc. Pick. Land- 
sieiner, Myers and others, he comes to eonelusions similar to those of 


K raus. 

The precipitinogen molecule possesses two groups — a C(^mbining group 
with which it unites with the precipitin, and a zymopliore group, which 
together with the zymophore group of the precipitin molecule has a co- 
agulating or precipitating function. The combining or haptophore group 
is relatively thermostabile, and thus retains its ability to combine with 
precipitin, even after the precipitating function is lost. 

As to the precipitins, little is known of their chemical nature. They 
are precipitated along with the englobulin fraction of the s«*rnm. by 
ammonium sulphate, and are destroyed by protein-altering substances 
such as acids and alkalies, pepsin, and trypsin. They develop in the in- 
jected animal more slowly than agglutinins, and are more easily destroyed 
hy heat than the latter. Upon heating precipitins to from 50'’ to 60“ 
0. its ability to cause precipitation in the presence of its specific antigen 
is iost,2* although it still retains its ability to unite with the latter. This 
experiment demonstrates its similarity to agglutinins in that it is com- 
posed of two groups, a combining or haptophore, and a zymophore group, 
tlie latter of which is thermolabile. The presence of the two groups 
places this antibody in Ehrlich’s class of receptors of the second order. 
Precipitin which has lost its zymophore, or precipitating group is called 
precipitoid. ’ ’ If such precipitoid is added to precipitinogen it possesses 
tile power to hind, the latter, even in the presence of precipitin. This is 
accounted for hy its greater affinity for the antigen. 

While precipitins are specific, they nevertheless exhibit to some de- 
gree the ‘‘group reaction” spoken of in the section on agglutinins. Just 
«s a typhoid-immune serum will agglutinate tf) some degn'e, the bacilli 
iielonging to the typhoid group, viz., the colon bacilli, paratyphoid bacilli, 
^’tc., so precipitins against the protein of a certain species will precipi- 
tate to some degree the proteins of other animals or bacteria which are 
closely related. This group reaction is shown by Xuttall by the following 
1 able : 


Antihtimax Precipitating Serum 

against: 

specimens human blood 

8 Simiidffi, 3 species 

•"{6 CercopithecidcD 

13 Cebidae 

4 

2 


Precipitate 
JOO j»<'r cent 
]()0 “ “ 

92 “ “ 

7M “ “ 

r)0 < ‘ ‘ ' 

0 “ “ 
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Thus it is seen that the farther the animal is removed from that 
which the serum is specific, the less strong is tlie reaction. In practis ji 
application it is found, as in the agglutination test, that if the imminif. 
serum is used in high dilution, all danger of non-specific results is obvi- 
ated. It is not difficult to produce precipitating serum which will ad 
in a dilution as high as 1:5000. Some antisera have been reported as 
having a titer 1 : 100,000 (irhlenhuth). 

Practical Uses op the Precipitin Test. — Space is not available here 
to describe all the practical applications of the precipitin reaction. It is 
used in many laboratories for tests such as the differentiation of species 
or strains of bacteria, in much the same manner as is done by agglutina- 
tion. Thus we have the precipitin tost with sputum, urine or cultures 
of pneumococci to determine the various types. Precipitin tests are made 
by health authorities upon various meat products to determine the possi- 
bility of adulteration with dog, horse and other foreign flesh in meat mix- 
tures such as sausage, etc. The test has also been used in detecting the 
presence of cancer, although it has not been found to be sufficiently re- 
liable to warrant its general use for this purpose. 

P^r the technic of those tests the reader is referred to Kolmer*s 
feetion, Immunity and Specific Therapy.’* 

It is in the practical application of the precipitin reaction to forensic 
medicine, however, that this phenomenon has proved of greatest value. 
1 lius it is often of importance for the attorneys in a murder case to know 
whether a given blood stain on garment, floor, or weapon is really human 
Dlooct. In other cases, as in rape, it is important to differentiate between 
seminal stains and those due to leukorrhea, etc. The technic for such 
determination is as follows: 


mill" ‘V” the stain and to examine it 

microscopically, to deteniune whether Wood-cells, spermatozoa, or other 

blood^ suspected of being human 

of th; tr f the microscope, a portion 

acedc V r '' A f'-'v drops of glacial 

IS healed to in :i ™dor the eover-slip and the whole 

replenished w'hiMi t n'*" . 'o" Point for a minute, the acid being 

be seen under fl ^ * ^O^dals of hemin form on cooling and may 

the Itain mnv W- .ir'l "7-'' 7 r'’" ^ portion of 

dilute ace^7Iehl T ' ‘7' and acidified with 

dilute ac( tic acid, and examined spectroscopically. 

dote^Swsmi'rcI'h the next step is to 

uc rermine its soiiite by the precipitin test, 

bit i Scted7!.d1."’ ’’ f ’r"? P'’«pared. A healthy rab- 

serum Irgradin Ivf' ' with from 2 to 5 c.c. of human 

intm;i" Sr] 7777' ti'^' injections at five-day 

ntenals. Aine da.\s after the last inoculation, the serum of the rabbit 

-rum) to detemine it. 
e injections sometimes prove fatal to th* 
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i.ibbit and for that reason, as well as the faet that some animals do not 
r,xpond readily with a good immune serum, it is wise to start several 
;,nmials in order to be sure of at least one. Tlie antiserum shouhi be 
ti'sted against other proteins such as a dog serum, beef serum, etc., so as 
to be sure of its specificity. 

The stain should be soaked for from 12 to 24 hours in physiological 
salt solution to extract the blood. It must then \w filtered so thar the 
resulting liquid is perfectly clear. The dilution of the blood in s\u‘h a 
s{)eeimen is always uncertai]i, but it is suflieietitly aeenrnte for praetiiod 
purposes to determine this by shaking and observing tin* ivsnlting foam. 
Protein solutions will show foam on shaking in dilutions as high as 
1:1000, and such a dilution is satisfactory for the test. The solution 
should give a neutral reaction. 

The actual test may be performed as follows : 

Tube 1. Unknown solution 1 c.c. 4- antiserum 0.2 e.e. 

Tul)e 2. (Control) Known human serum (1-1000) 1 e.e, \ antiserum 
0.2 c.c. 

Tube 3. (Control) Unknown solution 1 e.e. |- normal rahhit sernrn 
0.2 c.c. 

Tube 4. (Control) Saline solution 1 e.e. -f antis(‘rnm 0.2 e.e. 

Tube 5. (Control) Unknown solution 1 e.e. 4- Saline solution 0.2 e.e. 
Tube 6. (Control) Extract of unstain(‘d clothing 1 e.e. 4 antisennn 

0.2 c.c. 


Fresh pipets should be used in handling the various solutions. The 
immune serum should be placed in the tubes first, and the .solution to 
be tested is allowed to flow slowly down tlic sidt* of the tube and over 
Ihe surface of the antiserum, as in Heller's “ring test “ for aihutnin At 
the line of contact a fine white ring will rapidly api)car. Willnn five 
minutes it should be quite definite. Final readings shoidd be taken al 
the end of one hour, after which the tubes may ho shaken, and s('t away 
in the ice chest over night. In the morning tin* ainoiint ol' precipitate 
in the various tubes should be noted. 


In the above test, the first tube may or may not .sliow a precipitate, 
depending upon whether or not the uiiknown solulion is human serum. 
The second tube must always show a positive result, hut all the other 
tubes must be negative. If all tlie controls are .satisfactory and there is 
a definite precipitate in the first 1iib(*, the presence of human blood in 
the suspected stain is established. 

The principle of the precipitin test has been applied to the problem of 
the determination of pneumocoeeus types by l>lake,~' ^\ho elaborated a 
procedure for this purpose which is dependent nj)on the j)resenee in broth 
cultures of pneumocoeeus of a soluble substam'e which gives a specific 
reaction with homologous antipneumoeoccus serum. The method is as 


follows : X. 

The emulsion of pneumococci is obtained from t e spii urn .v e 
mouse method described in the agglutination te.sf . After (*entrifugnng at 
high speed, the supernatant fluid is water-dear, and is carefully pipetted 
VoL. I.— 17. 
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, • Four small test-tubes are then t 

:;:!su;:nmtant peritoneal wajin^s are mixed .ul, 
equal amounts of antipneumococcic serum as follows. 

Tube 1, 0.5 c.c. serum Type I ( 1 : 10 ) +0.5 supernatant peritoneal 

Tube 2, 0..5Te"5erun. Type II (undiluted) + 0.5 supernatant peritoneal 

Tube 3, 0.5 e.?sl'^m Type II (1 : 10) + 0.5 supernatant peritoneal wash- 

Tube 4, 0 . 5 'e.f serum Type III (1 : 5 )+ 0.5 supernatant peritoneal wash, 
ingrs. 


The reaction is almost immediate in the tube containing the 
homologous immune serum, while the other tubes remain clear. Atypica 
Type T1 pnournoeoeci give a precipitin reaction only with undiluted 
Type II serum. Tlio presence of other organisms, together with pneii- 
moeoceiis in the peritoneal exudate, does not interfere with the reaction, 
and herein lies the value of this test, inasmuch as it is available where 
an impure emulsion would not be suitable for the agglutination test. 

A certain percentage of patients suffering from lobar pneumonia ex- 
crete in their urine at some stage of the disease a soluble substance 
of pneumococcus origin, and therefore precipitable. It is present, accord- 
ing to workers at the Roi'kefeller Institute, in about 65 per cent, of cases 
due to Types T, II, and III. The technic for performing the test is sim- 
ple. The urine is centrifuged and 0.5 c.c. supernatant fluid is mixed 
with an ecpial amount of antipneumococcic serum Type I. Similar tubes 
are set up with Types II and ITI. The precipitate is not usually so defi- 
nite and (dear cut as in the reaction using peritoneal washings. It may 
appear almost immediately, hut it is wtII as a routine measure to incubate 
in a wat(‘r bath at C. for one hour. This test, of course, has little 
significance when negative, but positive results are quite reliable. 
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PHAGOCYTOSIS AND THE OPSONIC INDEX 


Phagocytosis. — Elsewhere wc have mentioned the roll* pla.ved by the 
leukocytes in accomplishinj^ tlie d<‘slrn(‘tion of haf-teria and otiu'r forei^Mi 
matter in the tissues of the animal body. Tlie*se e(*lls w(*re observed by 
Metchnikoif to have a very importaiil hearinjjr on the recovery of tlie 
daphnia infected with yoa.st spores. If pha|x<)('ytosis oecnirred freely, 
the progress of the infection ivas favorable. 

The leukocytes reach the site of an infeetion as a result of the attrnc. 
tion exerted by chemical substances liberated l)y Ihe baeleria at tics point. 
This phenomenon is known as poaUive chcmoht.iis. TIji* chemical stimuli 
thus produced are sometimes of smdi a nature that instead of attracting 
the leukocytes tliey repel them. This is known as jirffutirr chrmoinjru. 
Leber ^ was the first to show this eliernotaetic inflni'iiee expc'riirientally. 
He isolated a crystalline substance, which he termed ^'jdiagosin. ” from 
the bodies of dead cultures of staphylococci. This suhdajiee definitely 
attracted leukocytes to tlie tissues where it was introduced. More recent 
studies have tended to show that the attraction or rej)nlsion of lenkoeytes 
is due to alterations in the surf ace- ten. si on of the.se ('ells. If tiic snrfaer*- 
tension is decreased, the cell goes forward, if it is increased, the cell 
recedes. 

By this method of reasoning, it is held that in the ease of a local in- 
fection the poisons liberated by the bacteria j)osscss the clnmiical sub- 
stances necessary for the production of a positive or ru'gative chmuotaxis. 
These chemical substances diffuse toward the surnninding caf)ilhn‘i<‘K. 


and reach the side of the leukocyte toward tin* inf<M'tcd area first. The 
surface-tension of this side is thus lowered, and Oie leukocyte imrnecli- 
ately proceeds in that direction. Since the ch(‘niical substance's Mill be 
found in greatest concentration at the stomata or the capillary 'wall 
through which they reach the blood stream, the leukocytes are thus at- 
tracted to these stomata, and M^ork their way llirough in the sunoum in^ 
tissues. Once outside the vessel wall the same inflncnc.-s arc ^ 

draw them toward the actual infected area, and ) ins t ic i u o(.v t.s 

a wall around the bacteria. , . n 

It is suggested, according to this theory, that those cells possessing 
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the most mobile cytoplasm will be affected most. This would explal i 
the preponderance of polymorphonuclear leukocytes over the lymphocytes 
at such an infected area. 

The chcinieal nature of cheraolactic substances is a matter for con- 
jecture. Ill infectious jiroccsses it is believed that the bacterial poisons, 
such as true Ujxiiis and endotoxins, as w’cll as the^ bacterial protein of 
dead Tnieroiirfranisnis an; the substances mainly responsible for the occur- 


rence of both positive and negative chemotaxis. It is well known that 
the more virulent a bacterium becomes, the less likely are the leukocytes 
to invest it. Just wliat this is due to is not known. It may be true 
that virulent bacteria are able to excrete a substance antafj:onistic to 
phagocytes fviriilins of Rosenow, a""ressins of Bail). This is in accord- 
ance with the tlienry propounded by Welch in 1902, referred to in the 
section on Virulence. However, it is not yet settled as to whether there 
IS in reality such a thin«x as negative chemotaxis. In cases of infection 
in which there is a leiilco])enia either local or preneral, it may be that the 
very substances -whicli attract the leukocytes are powerful enough to 
paraJyzo hy overstimulation, or to destroy them in large numbers hy 
their toxic action. Metchnikoff asserted that leukocytes might, after a 
time, be attracted toward substances that would kill them. As the in- 
ection proceeds favorably, it is therefore conceivable that, with the 
climirmtion in numbers or attenuation in virulence of the bacteria re- 
sponsible for the disturbance, the leukocytes attracted to the area will 
again bo able to survive, and gain the ascendancy. This may occur in 

appendicitis, where an apparent primary 
ne„ntue cliemotaetic pliase is anccceded by a leukocytosis. 

van> V and vf ‘I'® '"‘’'t'!:’ according to the 

the IcnkncvL r ®"®® ““ceoorganism. It has been shown that 

to cytoplasm whose function is 

P'^^Secyted particles. Tliis endolysin is non- 

Dactena aic not dcstrnyc.l, however, is amply shown by various experi- 
ments. f ultures may he obtained from gonorrheal pus in which film 
preparations fad to demonstrate any extracellular gonococci It is sue 

OwinS X; ■ ’r. 'T'l bacteria. ' 

phaS“X 1 researches on the importance of 

fl...: ’ production of mimmuty have had a far-rcacMn"' in- 

tosis seemed to play a most important nart in ti t^hcre phagocy- 

dividnal, the leukocytes, wlie“LXrld from . 
no phagocytic power. Thev further showed that aX"”’ 
individuals, but espoeiallv' tho.se who W 

possesses the power to increase the pha(»nevt ' ^rom infection,- 

tact with the leukecytes and with\n emuSof 

power of the serum was demonXXedr C This- peculiar 

uimonstrated to be due to substances in solution 
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billed opsonins (Wright), or bacteriotropins (Neufeld), which act not 
mon the leukocyte, but upon the bacteria, preparing; tliem, as it were, 
for ingestion. This action is clearly illiistratod by the following experi- 
ment : 

^ Washed leukocytes immune serum -r bacterial emulsion pliago- 
cytosis. 

‘> Washed leukocytes + saline solution -j- bacterial emulsion iiophag- 
ocytosis. 

3 Washed leukocytes -f- immune serum ineiibafed for 1 lour at 37 i\, 

then leukocytes washed in s»aline and bacterial (‘mulsion added 
no phagocytosis. 

4 Immune serum -f- bacterial emulsion incubated for 1 hour at 37" C.. 

then bacteria washed in saline and leukocytes added -- phago- 
cytosis. 


The opsonins of the immune vserum are Unis proved to have no direct 
relation to the Icukoeytos, but seem to iirodiiee a eliaiare in tlic biielena, 
which renders them more liable to jdiagocytosis— in other %vords. luoia^ 
appetizing to the leukocytes. This important diseovery threw iiew light 
upon the relation of phagocytosis to immunity, ami neeessitntefl a recon- 
struction of Metchnikoff’s theory. Tt is evident tliat m future the true 
conception of the i defensive mechanism of the body must inchide both 
the cellular and the humoral theories, both of which are important, and 

in many ways interacting. , , . 4 4 • , . 

Noimal serum possesses opsonins. althongl. tlieir e„n.|ent ration or po- 
tency falls far below those found in immune ^ 

the specificity of normal opsonins has hceii the siibjec ' ; 

vestigation. Muir and Martin * have brought out the great 
these substances to the complement, or alexin. o i are rru 
being destroyed by exposure to .%» C. for ’‘‘’I m jt with 

further shown that if a normal scrum is broiig i . in o ' . , 

antigen and its specific antilrndy, tin- „„„pi„aed lliat 

the complement also absorbs tlie opsonin. Di . 

normal opsonin, like the complemeni, is ‘ i | Oean,'' 

Thistview is challenged by various workers, as N f 
who believe that the parallelism t„ activate 

is evld%nee to show that opsonin reiiiiircs . l,.is fur- 

it, just as we shall see later is rrquin’d ly a - eoimilcTuont from a 
th^ been shown that procedures which remox.^iln 

normal serum do not remove all Jnceific antib<»dv, requiring 

infer that normal opsonin is a feeble but sthoi . 

I'or its activation fresh complemeni m « Pos.-iiow'' and Ilek- 

‘ It has been shown by Bulloch am from normal serum 

loen/ that emulsions of a given organism ^ liacleria apparently 

Uieir«4specific opsonin, leaving Ihe normal opsonins are 

intact. This work would lead us to .i.erniostabilc .^distance and 
specific, but depend for their action ni 
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a thermolabile substance which resembles the complement, and wii 
which, indeed, it nia}^ be identical. The experiments of Cowie an 
Chapin ® have demonstrated that heated normal serum in which th > 
opsonic action had been destroyed could be restored to practically it^ 
orij?inal opsonic power by the addition of a small amount of the com- 
plement — in itself but slij^htly opsonic. • 

In the case of immune opsonins, or bacteriotropins, i.e., the opsonins 
found in the serum of an immunized animal, the action of heat is not 
apparent. In other words, immune opsonins are thermostabile. Sincp 
they are therefore capaljle of actin" after being heated, it is evident 
that they do not require the presence of complement to activate them. 
In this connection, however, it is interesting to note that Dean has found 
that although healed, immune serum is powerfully opsonic, it is rendered 
still more so by tlie addition of a small amount of normal unheaterl 
serum, in much tlic same manner as was shown by Cowie and Chapin 
for normal opsonins. They are strictly specific, and may be absorbed 
from immune serum by their respective bacteria, in the same manner as 
that described by Bulloeh and AVestern in the case of normal serum. 

We have previously stated that not all bacteria are equally amenable 
to phagocytosis. As a general rule, virulent, recently isolated micro- 
organisms are more able to resist the influence of opsonins than those 
winch have to a large extent lost their virulence. This resistance is 
le y some to be due to the capsule which many virulent strains 
possess, by otliors to the production of aggressins or virulins by the 
bacteria, in the process of self-immunization. 

The exact r<ile wliieh normal and immune opsonins play in im- 
mupity IS not yet determined. Tt is srenerally conceded, however, that 
nh«Le^!'"“ '."''’'’"'Sf bacteria in rendering them susceptible to 

‘'"‘h natural and acquired im- 
tyneso’f infeet^""'''' '’P'*'”""'* »*xprted more effectively in some 

tomuidtV s l "e infections, than in others where the 

immunity IS ma nl.v of anot her vanet asin antitoxic immunity. Phago- 

ailicmTstimnlite n' "f bacteria, and if their 
they are honnH v *' both normal and immune op,sonins, 

or wlSh,! tr;;: 

• 1 *’ tli‘ stiiuii of jiatieuts suffering from infectious 

siwuX*tira'^‘’wnll,/’ n"^ in<iividnals who have recovered from 
man •’ ^ Douglas, Neufeld and Eimpau, and Leish- 

th^worW^ Iv 1 '■c'-tain modifications according to 

itCfo^’sScTr^" *“0 offset of variol 

sL“3r F"" £ 

same species. The result of such a comparison is recorded as the opsonic 
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index. This may be defined as the ratio of the nutnher of bacteria in- 
gisted per leukocyte in the presence of the patient 's scrum, to the num- 
))fr ingested per leukocyte in the presence of normpl strum. 

Wright and his collaborators desired in this "way to inform them- 
selves regarding the condition of the patient from an immiinolop'ie stand- 
point. They, felt that if this could be done from time to time during 
the course of administration of bacterial vaeeim^s, they miglit have some 
reliable guide as td optimum size and interval of dosage, ami an indi- 
cation as to when an immunity is established. A v'ast amount of work 
has been done with this end in view, and while the results have not by 
any means fulfilled the expectatious of immnnologists, they have been 
instrumental in adding very materially to our knowledge of* some of the 
processes underlying vaccine therapy. 

The reasons for the failure of the method as a jiraelieal guide in 
following the immunity response to infections and vaeeines may be 
summarized as follows ; 

1. The technic is most laborious and time-consuming, rendering the 
method impracticable in regular pracliee. 

2. The technical difficulties involved in performing tlie test necessi- 

tate the employment of highly-trained laboratory workm-s. making the 
procedure too expensive, in view of the limited value of the results 
obtained i 

3. The chances for error, even in the hands of the most expert 
technicians, are very considerable, and results obtained by competent 
workers using the same serum may show varialioTis, It must be said, 
however, that with strict attention 1o details, the worker will usually 
obtain valuable information. This faet renders the procedure of suffi- 
cient value to warrant its use in laboratory or seioniifie clinical inven- 
tigations, 

4. The test assumes that the leukocytes are a constant factor, 


whereas it has been shown that during infection the Icukoeytes undergo 
qualitative changes in vivo, while the leiikocyl<‘S used in the test in vitro 
are normal, and therefore may be a source of error. 

In this connection it may be well to menlion the work of Park and 
Biggs, and of Glynn and Cox,” who liavc shown that the phagocytic 
powers of various emulsions of leukocytes didcr wiilcly. It is found 
that it is also important to use emulsions conlaining approximately 
the same number of leukocjTtes, for, if unccpial cmulMons are used, those 
having the greatest number of cells show less phagocytosis p(T cell than 
the less concentrated preparations. Kuth Tunniclin has sho\Mi tiat 
at birth the leukocytes are less active than in adult life. 

In spite of these inherent sources of error, and th(^ liuntatjons in its 
use as a routine measure, the test has a chifimte 

tions of many immunological problems with whici . . . 

is confronted. A*brief description of the tcehinc is t 


of place. 

Four constituents are necessary 


for making the test; 
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1. Patient’s serum. 

2. Normal serum for control. 

3. Bacterial emulsion. 

4. Leukocytic emulsion. 

The serum of the patient and that from a normal individual may 
be obtained by the methods described in the sectioVi devoted to agpfluli- 
nins. ft is well to pool the sera of several normal persons for the controls. 

The bacterial suspension must be uniform, free from clumps, and 
must not be a^frlutinated by the control serum, or by the patient’s 
serum. Cultures should be prroAvn on agar slants for from eighteen to 
twenty-four hours, scraped off into sterile physiologic saline solution, 
and thoroughly shaken to break up the clumps. Centrifuging at low 
speed may be necessary to remove gross particles. As a rule, the sus- 
pension should contain approximately 500,000,000 bacteria per cubic 
centimeter, although experience will be necessary to determine the opti- 
mum density. 


The leukocytes are usually obtained by pricking the finger of a 
health,v person, and allowing fifteen drops of blood to run into a test- 
tube containing 4 e.e. of sterile 2 per cent, sodium citrate solution in 
normal saline. This should be thoroiigbly mixed, and centrifuged at 
speed. This throws the red cells to the bottom, and leaves a light, 
utiy coat of leukocytes on top. These are gently taken off witli a 
pip^, and constitute the “leukocytic cream” of Wright’s experiments. 
^ iiiqual ([uantities of unknown serum, bacterial emulsion and leuko- 
ey 1 C suspension are mixed thoroughly in a capillary pipet. The tip 
IS t en sealed in tlie flanio, and the mixture inenbateil for from fifteen 

«a<tly Idem leal inamier. At the end of the ineubation time smears 

foLTim 1 "r"" <loseribed in the technic 

or staiubiTduin!; vaceiiies by WriRlit’s inetbod (pafre 2;t2 e( seq ) The 

eZ :. i eT';'"” S’" '-koeyt- is 

eounte l in each preparation. Snp-se the total count in the case of 

nornml seniin is tlhO bacteria per 100 lenkoeyte^a phagocytic index 

of c..) per en coeyto; in that of neUiiown serum 1300 per 100 leukocytes 

or 13 per leukcyte. In this ■ ..ample, the opsonic iifdex! aceordS to 

our definition, would a high value. 

WiSt ^ «<iyantages over that of 

; I “ “’"■‘''■'■is in making a number of dilutions of both normal 

I. m. i. ^ ^ 
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jn'atcd to 55 C. for one-half hour lo (icstr(»y tlie coiuplemeut. Old 
nini need not be so treated, as the complement gradually deteriorates 
oTi standing. ^ A parallel scries of dilutions with physiolotrie saline sohi* 
ii(>n is made in a series of small test-tubes. Tlie foll(»wiug dihitions are 
suitable : 1 : 10, 1 : 20, 1 : 50, 1 : 100, 1 : 200, 1 : 400, 1 : 000, 1 : 800, etc. 

2. Mix 0.1 c.c. <\f each dilution of inimune scrum with 0.1 c.e. of 
bacterial emulsion. Plug each tube with c()tton. Incubate for orte hour. 

3. Add 0.1 c.c. leukocytic emulsioTi to each tube. If the emulsion is 
weak, it may be necessary to add more tluni this quantity. Mix and 
incubate for 15 minutes to two hours, accor<liiii!: to the variety of micro- 
organism. Such bacteria as the typhoid bacillus atid the (*ht>lera spiril- 
lum are digested very rapidly after ingestion by tln‘ leukocytes, and 
after ten or fifteen minutes arc partly disinte^rrated, will stain indis- 
tinctly, and cannot be determined with accuracy. 

4. After the second incubation the leukocytes will liave settled to 
the bottom. The supernatant fluid is car(‘fully ])ipette(l off, and films 
of the leukocytes made on glass slides and staiiH'd. 

5. A large number of fields in each slide are examined iindiT the 
microscope, and the weakest dilution which still favors phagocytosis is 
noted. This dilution is called the point of hactrriofropic {or opsonic) 
extinction^ and should be determined for both the imninne and the pooled 
normal serum. No attempt is made to count the pliairocyted bacteria. 

Practical Value of the Opsonic Index. — By the carid'ul use of his 
method, Wright and his collaborators have fiirnished some very in- 
teresting observations. In a series of eases of ehr<tnic staphyloctKJCUs 
infections, they showed that the opsonic index is uniformly low, and 
they conclude that under such depressed idiagoeytic powers, the staphy- 
lococci gain headw’ay, whereas in a normal individual the same bacleriii 
'are unable to obtain a foothold, since they would fall prey to the leuko- 


cytes soon after entering the body. 

They found, further, that during treatment of such patients with 
vaccines composed of dead stayihylococci, the o]>s()iiic index consistently 
rose, and that with this rise there was a striking improvement in the 
clinical picture of the patient. Immediately after the inoculation, how- 
ever, they found a temporary depression f>f the opsfuiie power, lasting 
about twenty-four hours. This is called tlie vcgative phasCf and is 
immediately succeeded by a rise above lliai wliich pr(*( 5 **d(‘d it. 

Wright thought that tlie most inijiortant function fif tin* estimation 
of the opsonic index was that of guidance as to the size and frcfpieney 
of doses of bacterial vaccines in the treatment of disease. us txpi ela- 
tion has not been realized, owing chiefly to the laboiious nature o .it 
procedure, which renders it imiiracticiiblc save f<»i aioiator} lines i 
gallons in the field of research. i 

The test has been of considerable practical J 

demonstrating the occurrence of the condition knoTi n as ‘V ‘I ^ . 
l)hase. A similar phenomenon is fouiiil in a ^ illustrating 

miinization. Salomonsen and Madsen'-' ohtainei a ^ . 

such temporary fall in antibody content iinrnedialely following. 
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oculation of a horse with ^ 

have demonstrated an “f agglutinins. 

toxin, and Jorgensen and Madsen in ® ‘ , g of ^g,,. 

It is obviousb^ rtUlTrtrneSve phase following the preceding 
cine to a patient still n , /u.p_ shown to lead to a “summation 

Sro^ th^bL^rioCir tte!'ifprXded for 

the most reliable guide is to be found in a consideration of the rewtion 
of the patient. The loeal reaction should consi^ in 
and slight swelling about the point of inoculation. It should not be 
sufficiently extensive to cause markeil discomfort, although in cases where 
immunization is to be carried out in one, two or three inoculations, as 
in antityphoid vaccination, the dosage is necessarily large, and may 
cause extensive local reaction. The focal reaction consists in 
activity about any lesion for the treatment of which the vaccine is being 
used. Slight hyperemia is probably of advantage in bathing the parts 
with the bactericidal substances of the serum, but excessive focal reac- 
tion must be avoided, for fear of aggravating the condition by causing 
irritation wilh a lowering of the resistance of the tissues. A general reac- 
tion is evidenced by a feeling of malaise, often with a rise in temperature, 
and headache. In anti-typhoid vaccination this is not uncommon, but as 
a rule such a reaction is to be avoided, since during such a phase^ the 
patient is obviously below par, and is liable to intercurrent infections, 
or to a flare-up of the disease for which he is being treated. 

According to Wright, a patient may be therapeutically inoculated 
from his own lesions by such measures as will increase the local circula- 
tion, thereby absorbing more of the specific antigen into the general blood 
stream. Such a method is termed “auto-inoculation” and must not he 
confused with “autogenous” vaccination, in which the organisms arc 
isolated from the patient’s own lesions and made into a vaccine for sub- 
sequent injection. An illus^r.don of the use of auto-inoculation is 
given by Wright in a case of gonorrheal arthritis in which the joints 
were massaged, with resuits upon the opsonic index in every way an- 
alogous to those produced by the injection of bacterial emulsions. The 
main objection to this method lies in the impossibility of accurately esti- 
mating the dosage, and its use is therefore not to he recommended, ex- 
cepting, perhai)s, in the case of such infections as that of the prostate, 
where gentle massage is of value, not only as an auto-inoculation, but 
also as a means of securing drainage for pent-up pus. 

In active pulmonary tuberculosis, and in other subacute infections 


accompanied by a rise in temperature and by other systemic signs oi' 
symptoms, it is likely that the body is already trying to cope with ex- 
cessive amounts of antigen, and vaccine treatment of any kind is not 
only superfluous, hut actually dangerous. The same line of argument 
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i, ,ven more applicable in cases of acute infections such as tvplioiii 
1, „.r. pneumonia, etc., m which a certain element of the profession 
jMiliicnced by the extravagant claims of commercial mannfaetnrers ami 
,||..iribntors of vaccines, and encouraged liy overenthnsiastie therapen- 
tisls. are making indiscriminate use of all sorts of vaccines, in the liope 
of favorably influencing the course of the disease. 
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HEMOLYSINS, BACTBRIOLYSINS, AND OTHER CYTOTOXIC 

SUBSTANCES 

Phenomena of Lysis. — We now come to a eonsidemlion of tliose an- 
tibodies which, according to the theory of Klirlidi, belong to tin* ihirt! 
order. These immune substances reijiiire for t}H‘ir action tin* jiresern’c 
Hot only of antigen, but also a third eniEslitu<‘nt of tlie blood called 
complement or alexin. For this reason Flirlicb argued that tbes** re- 
ceptors of the third order must possess not oiil.y a liaptnplion* gronj) whmli 
unites with the antigen, but also a liaptophore group wbicb unites wilh 
tbe complement. 

Because of the double construction of this receptor, it is called an 
(ftnhoceptor, and is apparently the link between antigen and (oinple- 
Hient. These amboceptors are remarkably specifii' tor tlieir respective 
antigens. The latter are usually cellular iii type so far as is kiu'wn, and 
those cells undergo lysis as a result of the action of the am mteptor an< 
c omplement. ^ 

The first important step in regard to lysins 
■dexin by Buchner was made by Pfeiffer, who fonm la n 
of cholera spirilla into the peritoneal cavity of . 

h«ad previously been immunized against cholera rosu (( ) 
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of the spirilla. This is now called the ‘‘Pfeiffer phenomenon.- if 
small quantities of the peritoneal exudate were removed with a cap.l. 
lary pipet a few minutes after the injection, and examined umuii- 
the microscope, it was observed that the spirilla had become granular, 
swollen, and were losing tlieir staining properties. These changes 
came more marked as time went on, until in an hour or so all signs of 
the rnierodrganisms had disappeared. The animal subsequently showcil 
no signs of infection. He further discovered that this action was spe- 
cific, for when he injected other bacteria into a cholera-immune guinea 
pig, no siieh dissolution occurred, and no such protection against in- 
fection was apparent. The scrum of such a cholera-immune guinea 
pig, transferred to the peritoneal cavity of a normal animal, was found 

A B C 

Fig. 6. — Ehrlich’s SinE-cnAin Theory, Showing Composition op the Side-chain 
or THE Third Order. 

A, Antigen. 

B, Ainl»(K‘eptor or sensitizer. 

(’, Complement or alexin. 

to protect the latter against a fatal intraperitoneal injection of cholera 
spirilla. This was true even where the serum had been heated to 56® C. 
for one-half hour. 

Here, then, it was apparent that the animal had been protected 
against infection by tlio action of lytic substances in the scrum of an 
immune animal, whereas it was found that serum from a normal animal 
possessed no such protective pow'er. This action of the immune serum 
was specific, and tlie protection could be transferred from one animal 
to another by the injection of immune serum together wdth the bacterial 
(*mulsion. In an animal passively immunized in this way, the lytic 
action upon the bacteria is observed in an exactly similar manner to 
that taking place in the actively immune animal. Moreover, the fact 
was established that the immune substance is tbermostabile. 

Pfeiffer thought that the k/ ^teriolysis occurred only within the ani- 
mal body, and could not accomplished in vitro. For this leason, al- 
though he appreciated tl* importance of the phenomenon as an argument 
in favor of the humoral theory of immunity, he assumed that the cellular 
elements were necessary to carry out the reaction. Metchnikoff ^ suc- 
ceeded in obtaining extracellular lysis by adding to the mixture of 
cholera spirilla and heated immune serum, small quantities of leuko- 
cytic extract. lie tlius claimed to show the relationship of Pfeiffer’s 
pheiiomonori to the role of leukocytes in immunity. 

Bordet - a little later showed that what was really requisite for the 
earring out of the test was a little fresh normal serum. He found: 
(a) Fresh immune serum was very active: (h) Heated immune serum 
was inactive: (c) Fresh normal serum alone had no effect: (d) Heated 
immune serum plus fresh normal serum had powerful effects. In other 
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,v,,rds, what was needed besides the thermostabile immune substance. 
'WtiS some thermolabile substance present in all fresh serum, normal or 
ii.iMiune. This latter serum element, no matter from what source it was 
a-rived, produced the same result, and had no inthieiiee np.)n the speei- 
ticity of the reaction. This substance corrc'^pomls to Buchner's alexin. 

Further experiments by Bordet upon «uinoa pi-s nsin^- rabbits’ red 
])l(.od corpuscles as antigren enabled him to show that tlieselytie immune 
{.ubstances, while specific in their production and action, were tjot lim- 
ite<l to bacterial colls, but could be obtained in response to sindi anti- 
gens as red blood-cells. This lytic immune sulNtanee (heniolysi!i i obeyed 
laws similar to those observed in the case of haeteriolysins. i.e.. it was 
rendered inactive by heatinj? to 5G° V. for one-half honr. was reactivated 
by adding fresh normal serum (alexin or eoinphonent K was specific, 
and this specificity was again demonstrated to l)t‘ due to the immune 
substance (hemolysin), and not to the alexin or comi^lcment. 

At this Stage, Ehrlich began experiments designed to discover the 
relationship of these phenomena to liis side-chain theory. AVorking with 
Morgenroth,^ he attempted to sliow that these sidc'-ehains or ri'ceptors 
(hemolysins, haeteriolysins), made up of two luiptopliore groups. {)nc 
for uniting with the cell (antigen) and tin* otlier with tin* comple- 
ment, would unite with the antigen, ami thus be absorlx'd out of the 
immune serum. Tfhey placed in a test-tube washed heed' eorpnK<*les along 
with inactivated serum from a goat immunized against b(‘«*f cells. After 
incubation for one hour at 87.5® C. they centrifuged the mixture and 
placed the supernatant fluid and corpuscle sediment in separat(‘ lubes. 
To the former they added w’ashed beef corpusch's arid fresh nf)rmal goat 
i'icrum (complement). There was no change. To the latter liny athlcd 
normal goat serum (complement) and saline to make up the volume. 
Hemolysis occurred. 

Thus they showed that antigen will absorb from imminie serum its 
specific antibody in much the same wmy as Hnlloch and \Vc‘st cm ab- 
sorbed the specific oi)sonin from serum, by treating it with emulsions 
of bacteria. They also show that the amboceptor, or antibody, unites 
with the antigen in the ahsenee of c(miplt‘un“nt, Imt licniolysis docs not 
take place until the latter is supplied. Tldis is an exceedingly important 
observation w^hieh was later confirmed by Bordet, wlm spoke of such 
a union of antigen with amboceptor in the absence oj alexin or <Mnnf)le- 
meiit, as a “sensitization” of the antigen, ami he named tin* umb()cc[)tor 


sensitizer or “substance .sensibilitriec. ” • i 

That amboceptor or sensitizer unites in tins way dircell> ^ 
antigen with such firm union even at tcmpt’«a1>‘rcs as low as 
illustrates how great is the affinity of tlu'sc snbsian(M-> for eac i o ter. 
When thus united, the sensitized cells — wlndher ba«‘}erial <*e s or im 
aorpnseles — mav be washed thoroughly in an *‘floit to s«paiat< n s< n 
from them, but subsequent addition of .Mmqdement t<. the wa.n u 
f'clks, with resulting lysis, indicates tin* finnm-s of t nn . , 

A similar experiment was made to <letermme the im io( ) ‘ 

'*ie heat-sensitive substance (complement or alexin ). 
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thouKh for practical purposes it lends itself very readily to the search 
for a simple and satisfactory explanation of the phenomena with which 
we arc (icaling. There does not appear to be any direct and positive 
experimental evidence to permit one to decide between Ehrlieh s and 


Bordet’s views. , , ^ ^ „ 

Bordet’s discovery of hemolysins stimulated a tj*emendous amount of 
research into the nature of lysins, and since hemolysins can be studied 
with ffreat case and accuracy, on account of the readiness with whie.h 
the reaction may be measured by the amount of hemolysis occurring, the 
natun* of the plionomena associated with lytic sera was worked out 
mostly by tin* use of liemolysins. These studies aided greatly in a 
correct understanding of the mechanism of bacteriolysis, for it was found 
that the same underlying principles were applicable to all lytic reactions, 
namely, tlie necessity of having the following three factors in carrying 
out such reactions: antigen (blood, bacterial or other cells), antibody 
(therrnostahile), and complement (thermolabile) . 

The Nature of Complement. — Complement is the substance, present 
in all fresh sera, which acts with an amboceptor to produce lysis. It is 
thermolabile, being destroyed by heating to 56® C. for a few minutCvS. 
It is identical wdtli Bordet’s alexin. Following the work, of Nuttall. 
Buchner showed that the active principle causing bacteriolysis weakens 
on standing, is destroyed by heat, dialysis, or by dilution with distilled 
water. To tliis active prhiciple he gave the name “alexin.” At this 
time nothing was known of the part played by amboceptors in such 
lytic processes, and Buchner believed that alexin was comparable to a 
proteolytic enzyme. It was not until 1899 that Bordet found that the 


alexin of Buchner was composed of two distinct substances — one, with 
sensitizing i)ropcrties, is tluTniostabile, the other, the activating sub- 
stance, is thermolabile. The latter he called alexin. Shortly after, his 
observations wore confirmed by Ehrlich and Morgenroth, but instead 
of using the term alexin, Ehrlich chose the word complement (that 
which completes). 

It will be remembered from our discussion in another section, that 
there is no proof as yet brought forward to show whether complement 
is j)rescnt in a free state in tlic circulating plasma, or whether it exists 
as snch in the tissue cells an.: leukocytes, and is liberated into the serum 
during tlu? process of cloning of the blood. Buchner suggested that 
it might he a sc(‘rctor\ product of the leukocytes, and Metehnikoff 
.strongly su])pnrtc(l tins view as to the origin of “cytase, ” which cor- 
responds to Buchner’s alexin. Neufeld treated red cells with hemo- 
ly.sin, and after being thus sensitized they were allowed to be ingested 
by washed leukoeytes. He found that they were not hemolyzed, but 
were brok(*n up in an entirely ditferent manner. This he took to prove 
that alexin or compleineiit is not present inside the leukocytes. Zinsser 
examined for the presence of complement emulsions of leukocytes which 
had been kept at d7® C. for several days, but his results were negative. 
He points out, however, that there was no way of knowing how long the 
leukocytes lived, and he therefore felt that the experiment was incon- 
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elusive. The absence of complement in the aqueous humor of the an- 
lorior chamber of the eye, and in the cerebrospinal fluid, has been hehl 
l,y some to be due to the absence of leukocytes in these fluids, (lenirtui 
biod animals through a paraffined cannula directly into paraffined 
lubes, thus avoiding all cell injury and conseciuent elnttiiur of the blood. 
^I'lic jilasma from such blood, he clainu'd. poss(*ss(*(i no bactenci^lal prcqxM'" 
ties, and these results were held to prove tiiat cireulatinu^ blood ] dasnui 
contains no complement. Gengou’s findings have not been universally 
coiifli’med, and although a large amount ol voi*k has been doin' njion 
this subject, the problem has not yet been solved. 

Nearly all workers who have occasion to prepare guinea pig serum 
for use as complement have noted that such serum, if se]>arated from 
the clot a few minutes after bleeding the pig, may contain very little 
complement, but that if it is allowed to stand for a few Innirs its latency 
is greatly increased. The majority of scrologists bleed the guinea i>igs 
Hie day before they wish to use the serum, so as to allow tlie comple- 
ment content to increase to its maximum. This tends t<i snp]>ort tin* 
view that leukocytic changes are necessary to the liberation of com- 
plement, but as pointed out by Zinsser, it may depend rather upon 
any one of the numerous factors involved in the complicated process 
of coagulation. 

Certain workers ihave ri'garded the liver as i\ source of compl«*ment, 
while others have claimed the same for the thyroid gland, and for the 


pancreas. In a general way, however, the evidence points to the leuko- 
cytes as the chief, although not necessarily the solo, source of su]>ply. 

In many respects, complements bear a close resemhlanee to ferments. 
Ttie role they play in the processes of cytolysis, and their therniolability. 
point to the analog^’' between them and ferments. Tlieir disappearance 
during the process of cytolysis, however, argues against their ferment- 
like nature, but there is some evidence to sliow tliat, like ferments, they 
are merely rendered inactive by the products of tlieir own action. Lief- 
man and Cohn ” claim that the complement is not used up hy reason 
of its union with, amboceptor and antigen, but is ratlier absorbed by the 
end-products of the reaction, such as the stromata oi the red e«*lls, etc. 
Kissi‘' showed also that the action of complement (h*i>ends larLo-ly upon 
its eoneentration, and that the (piantitative relationsliij) which was said 
to exist between the complement and the cells or bacteria ui)on v lie i it 


could act was not so strict as had been supposed. , . i 

If the functional activity of complement is not fnlly understood 
its chemical nature is still more obscure. Kyes found that eei am ipoi< 
eoiistituents of red cells, as lecithin, have a eoinphm.entd.ke aetion hut 
Von Dungern and Coca showed that this action ‘ • A ■ • 

miion of amboceptor and lecithin, but to a s])Iittinir <> i ' o], served bv 
hemolyzing substances, which acconnled for 1 le ‘ js(dated 

Kye./ Von Liebermann- and Nog^iehi - 
from blood-cells and various tissue cells possess 


VoL. 1 .- 18 . 
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alogous to those of complement. Sensitized blood-cells are heinolyzf»f| 
by mixtures of soaps and inactivated guinea pig serum. These serutu- 
soap mixtures, like true complement, are inactivated by heating to 
56° C, Other observers, however, as Ilechcr,^* and Friedmann ai!<l 
Sachs, were unable to confirm these results and it may be said that 
while further researches along these lines may materially advance our 
knowledge of the chemistry of complements, the question is by on 
means near a satisfactory explanation. 

Nor is the question as to the multiplicity of complement satisfac- 
torily settled. Ilordet believes that only one complement is present in 
any given serum, althougl] lie agrees with other observers as to the pres- 
ence of different complements in different sera. That is to say, all agree 
that a given com])lement may be strong for a certain hemolytic com 
plex, hilt weak for a certain bacteriolytic complex, whereas comple- 
ment from anollier species may have quite the reverse relation to sueli 
combinations. Elirlich and his followers, on the other hand, claim that 
a given serum may contain a number of different complements. They 
claimed to sjiow that complement which passed through Pukall filters 
activafpd seiisitizod {rainca pis colls, while the complement of the same 

. It /( (1 rahbit cells. Hiey also showed that by difrestinp fresh goat serum 

tlm eomnbm eVf hemolytic amboceptors, with papain, 

ini Z? e Ir/T; ’’""^"“Ptor was destroyed, while those remai„: 
tion other f^etmally intact. By further treating with soda solii- 
diff '', 7.'’"^^ "7® Thev also sliowed that by sen- 

these to a^fresl sPnS’‘?r 7""’''’^"”"' “mboceptors and addintr 

nnd^i?s't,!J'tr7iJr,r «'® school, Ehrlich 

for their v e^^i 7 «''>’«Merable support 

1. t ‘’“■"““■‘“'‘“-I" •»• ««■>" 

unity nf enniplcninnt, BnrJvt'' cite-. il’“ ft" e'cf'netion.il 

in connection with ttiP fivn+- -p t of his work with Gengou 

pens anT tTc7 «"’"r'l'-"‘ent by bacterial anti- 

a horse against plague bacilli, *and Ttifed^its hMted'^***^ immunized 
antibody or amboceptor. For their am,v!n ^ 7 ®®™® ‘^®“' 

a 24-hour slant of plague bacilli Frlh ^ ^ emulsion of 

the ale.'cin or complement. Tubes were P'S serum provided 

mixtures; containing the followinir 
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1 . Pla^e bacilli (antigen) -f antiplagne smim (autiLodv * 4- com- 
plement. 

Tube 2. Plague bacilli (antigen) -f heated normal horse serum -j- com- 
plement. 

Tube 3. Antiplague serum (antibody) 4- complement. 

Tube 4. Heated normal horse serum (cintihody . . (Munplemcnt. 

Tube 5. Plague bacilli (antigen) -f antiplague serum. 

Tube 6 . Plague bacilli (antigen) -f heated normal lun-.se serum. 


These tubes were shaken and set aside for fiv(‘ lionrs. At llie end 
of this time there was added 1o each tube a (luaiitity of rahhits’ eor- 
pusclcs previously treated (sensitized) with a hemolytie serum. The 
tubes were then incubated for one hour, and tlie results mded. 

Hemolysis occurred in all the tubes except Nos, 1. h and C^. Tube 3 
contained antigen, antibody and complement, and it was evi<lent that 
with the union of the first two elements the eompleim'nt had hem hound, 
leaving none to activate the sensitized eorpuscles wliidi w('re added later. 
In tubes 5 and 6, no complement had been sui)plied at any time, hence 
the absence of any action upon tin* sensitized corfuiseles. In tubes 2, 
S and 4 no antibody was supplied, so no complement was hound, and it 
was free to act upon the sensitized corpuscles a(l(l(‘d lalci*. Siirhlar n*- 
sults were obtained wilh other bacterial cultures arid tlieir antisera. 

Bordet argued from these experiments tliat the same (•omj)lemeiit tliat 
activated sensitized bacteria, causing bactcTiolysis, conld aKo adivatt* 
sensitized corpuscles, causing hemolysis, and regarded tliis fact as up- 
holding his contention regarding the functional unity of eompleim'nt. 

The phenomenon of Bordet and Clengou was destined, however, lo 
assume much greater practical importance than its authors contemtdated. 
It was soon shown that the principle involved could he utilized to de- 
termine whether or not a given serum contained aiddiodi«»s. A n*sult 
showing no hemolysis would necessarily imyily that an aidihody had 
been present in the tested serum, while hemolysis would indicate its 
ahsenee. It will thus he seen that the sensitized (‘orpuschs atlded in 
the latter stage of the experiment arc entirely analogous t<> the “iti- 
dicator” used to determine the jiresence or alisenct* oi acid or alkali 
in a given liquid. Just as plienolphthalein turns icd iTi tin* jircscnce 
of acid, so sensitized corpuscles become licmoly/ed in tlu* prcM-m’c of 
complement. It is upon this presence or absence ol Ircc^ complement 
after the first incubation that the whole test dep.-mh. Tlu* fact that 
the indicator in the test happens to involve another antigen-ant ihod>- 
eomplement reaction is merely an accidimt. If we jMi.s^cssi'd a simple 
chemical indicator to detect the presence of fre* complement, tfu- results 


of the test would be unaltered. i , 

Not only was it shown that this test could he app <> • ( ^ 
the presence or absence of a specific aiitihod.N in v'rhms kinds 

was also demonstrated that, with known immune sma o ^ ^ 

at hand, bacterial cultures of unknown identity -f ^ ^ 

This latter use of the test has not become general, howe^^^, ovsing 
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the fact that the same information can be obtained by utilizing tii(> 
Gruber-Widal phenomenon of agglutination as described in the chapl r 
devoted to agglutinins. Bordet and Gengou^^ used the method in < >. 
tablishing the etiological relationship of B. pertussis to whooping cougli. 
by demonstrating the presence of the specific antibody for this organism 
in the serum of children suffering from the disease.* 

Gengou ** also showed that the complement-fixation phenomenon wos 


not only applicable to cellular antigen-antibody complexes, but was also 
of use in cases where the antigen was composed of a soluble protein. 
It thus appears that tin; fixation of complement is a generalized pro])- 
erty of all complexes involving antigen and antibody, whether the an 
tigen be cellular, as with red blood-cells or bacteria, or a soluble protein 
as egg-white, animal serum, or alcoholic extract of muscle tissue. This 
observation of Bordet is of immense importance in relation to the prac- 
tical applications of tfie phenomena as devised by Wassermann, Neisser. 
and Bruch in the diagnosis of syphilis, and of Neisser and Sachs in the 
determination of proteins for forensic purposes. 

Practical Applications of the Complement-fixation Phenomenon: 
The Wassermann Keaction. — In 1905 Wassermann and Brnek** showed 
that in performing the experiment of Bordet and Gengou, it was not 
necessary to use as antigen emulsions of whole bacteria, but that extracts 
from bneterial bodies could be utilized even more siieeessfully because 
cy wore less liable to bind the complement non-speeifically. Dnrin" 
experiments in connection with complement-fixation in tuberculosis, it 
occurred to Wassermann and Bruek that the method might be applied 
‘ of syphilis. This disease was being extensively investi- 

KidL^an Tt’T Spirocheta pallida, just made by 
to sv hm, T attention of the medical world 

iLefnf s nlin " ' Wassermann and Bruek “ made 

careful studies U))on experimental syphilitic monkeys, and found that 

crnTml ’r; S tl’ --.oxtraordinardy’ definite and m- 
emc nianmr. -Vi bile this work -as being done, Detre*> was annlvimr 

.pub.uw“S5f.'r,r' 2 

observers wnrhln«. ’ <*ppearcci. l^rom that time on various 

and extending the nr" " syphdities, published results confirming 

a rm^dne hnr ? the procedure rapidly became 

S Irlv ™ ^ throughout the medical world, 

an Jnnen ^ mvcstigators used as antigen in their tests of syphilitics 

well known tcT «yph^««c fetuf As is 

Tnd i^the aWnVof""^^ enormous numbers of spirochetes, 

ism thev felt thnr “«thods for culturing the mLodrgau- 

n;e2fie ex raet of tJ.® the most promising source of 

conception of ‘the relctionirwas IsuS 

appUcation of the Bordet-Gengou phenomenon, requfrinn specMc s^- 

^eomnWent r ^yPWHtie antibW, S Sg 

the complement. It was soon found that antigens could be prepared by 
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t xiracting nonnal or^Ens. Marie and Levaditi demonstrated that an 
( stract of the liver of a normal fetus was capable of actiiur as an antiiTcu 
in the Wassermann reaction. Weygandt showed a similar result by 
u ing an extract of normal spleen. Finally, Landsteiner, Midler and 
IhitzP* found that equally good results could be obtained by usinir an 
alcoholic extract of guinea pig heart. Various researcli«‘s now confirmed 
the belief that the essential antigenic substances \vere alcohol-soluble, 
and thus of the nature of lipoids. Many artificial lipoid solutions were 
tried as antigens, including lecithin by Porgos and Meior, sodium tauro- 
cholate and glycocliolate by Eevaditi and ^ aniauouclii, cholesterin and 
vaselin by Fleischmann ; oleic acid by Raehs and Altman ; aeetone-in- 
soluble fractions of alcoholic extracts by Noguelii, sodium oleate. lecithin 
and oleic acid by Sachs and Rondoni. Browning and Ouikshank 
found that the addition of cholesterin to organ extracts greatly enhanced 
their value, and tliis observation has bemi confirim'd and utilized by 
Sachs,®® Walker and Swift, McIntosh and Fildes,®'* and oi tiers. 

These findings were a great disappointment to the serologists at 
that time, since their confirmation involved the abandoning of the idea 
of specificity in regard to this test. The recognition of tliis fact, to 
gether with the fact that the use of the test by inexperienced and 
unskillful persons introduced many sources of error, had the (‘(Tfct of 
temporarily shalj^ing the confidence of the medical profi^ssion in the 
practical value (^f the reaction. It is only recently that with further 
study and carefully controlled investigation it has been found tliat 
the non-specificity of the antigen has no practical siLmificanee in the 
use of the test. Indeed, it has been shown by fVaig and others tliat 
antigens made of cultures of Spirocheta pallida, although specific, are of 
inferior worth in the practical application of the reaction. 

As to the real nature of the Wassermann reaction, it must be ad 


mitted that we are very much in the dcirk at present. Obviously it is 
not a specific antigen-antibody reaction. Such a specific reaction prob- 
ably takes place when cultures of SpirocJieta jtalltda are used as antigen, 
and the work of Noguchi,^® and of Craig and Nicliols^* tend to show 
that the true' syphilis antibodies appear after treatment and are not, 
present in detectable quantities early in llie disease. For this reason, 
as a diagnostic measure, the Wassermann read ion is ot niin'li greater 
value than a true specific complement-fixation reaction. It is obvious 
that the antibodies concerned in tlie Wassennanr) test are not pro- 


tective to the patient. If they w’ere, they w’ould not be likely to accnmii- 
late in relatively large amounts early in the disease, when the lesions 
are at their height only to disappear after tlie patient has boon sue- 
eessfully treated and all signs of- the disoase [lave vanished. It is 
probable, therefore, that it is not an immunity reaction but is rather 
an expression of active injury to tissue-cells ea used In the spirnr le c.s 
liberating altered lipoidotropic products, wliich react wit u 
antigen with fixation of complement. This pii> siefKtlnmnea loorv 
<tind to explain the findings of Wolfsohn,"- who ^ 
uiesthesia the Wassermann reaction may becfuue posi ne. 
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the narcotic is dissolved in the lipoids in the brain and liberates Wasse/ 
mann-reaetion bodies. 

Technic of AVassermann Reaction. — (1) Collection of Serums 


Be Tested , — Blood may be taken from Die vein at the bend of the elbov,' 
by using either a syringe or an 18-gauge needle to which is attached a, 
piece of rubber tubing tlirec inches long. The blood is allowed to run 
into a sterile test tube and left to clot. At least 5 c.c. should be ob- 
tained. No 1 rouble will be experienced in obtaining blood if a tourniquei 
is placerl around the arm above tlie elbow. In young children it may lx* 
necessary to withdraw the blood from the external jugular vein. This 
is easily accomplished by placing the child on its back upon a table and 
allowing the head to be depressed over the edge, below the level of the 
body. The veins will become distended, and the procedure is facilitated 
if the child cries, allliongh tliis is by no means necessary. Label the 
tube with a gummed label on which is written the name or number. 
A book or card index should be k(‘pt in which all particulars, including 
the date, age, clinical symptoms and signs, clinical diagnosis, treat- 
ment, if any, etc., should he at once recorded, with suitable space left 
for indicating the result of the test 


After the blood has clolted, it should be “rimmed,” i.e., a platinum 
wire or glass rod should be run around between the blood and tlie tube 
wall, to separate the clot from the glass. If this precaution is taken, 
the serum will collect above the clot and may he poured or pipetted off 
with ease. While the clot is contracting, the tubes should be placed in 
le ice-ehest. It seems hardly necessary to emphasize the fact that 
extreme care should be taken, not only here, but throughout the test 
to prevent bloods becoming mixed or interchanged. 

Obtain a fresh human heart, as nearly 
’’wnI" to “Void using ono show- 

mmmwm 

Itowl, P„»r. Sa,h ...yr M« ", L “ T”"'’ 

P.r.1 

rnter^,p“?c^ndnrtiTro 

ond, for specific binding power. This^Sr hSls“p“2£.’' "" 
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(fl) For Non-specific Binding Poitvr.— Dilutions of anticren in saline 
sniution are prepared as follows : 3 : 2, 1 : 4, 1 : G. 1 : S, 1 : 12, 1 : IG, 1 : 20. 
q",us(* are conveniently made by setting up a sorios of si'Viui tnbis in a 
P-u k and carefully measurinp: into eacli 0.r> c.c. of (‘holcstc'rini/.ed antiiren 
extract. Then measure the following aTiiouiits of saline soliititm into 
cat'll tube in succession; 0.5 c.c., 1.5 c.c., 2.5 c.c., ;j.5 c.c., 5.5 e.c.. 7.5 
and 9.5 c.c. The tubes should then be shaken to mix thoroughly. 
Place 0.5 c.c. of each dilution in another series of te^t tubes. Add 5 units 
of complement and saline solution to make 1.5 c.c. total volume. One 
may add 0.2 c.c. of pooled negative serum to eaeli tube before addin*; 
tlie saline if desired, although we have found by exyx'rienee that thi'< i.s 
an unnecessary refinement, and doe.s not apiireeiably intluenc(‘ the ulti- 
mate finding as to the value of the antigen. 

After shaking, the tubes are placed in the air ineubalor at 27" C. 
for one hour. At the end of this time, 1 e.(‘. of s(Misiti/ed she<-r)’s cor- 
puscles is added to each tube, and incubation for 1 liour in air at 
57° C. is repeated. 

The highest dilution in which there are uulakrd nils rrniaiulng is 
taken as the antieom.pl emeni ary power of the (inligot. This is some- 
times 1:2, but more often 1:4. Antigens giving a higher anlieoin- 
plementary power are discarded. 

{h) For Specific Binding Power. — Dilutions of antigen are prepared 
as follows : 1 : 80, 1 : 40, 1 :'()0, 1:80, 1 : 100, 1 : 120, 1 : 1 10. The^r aiT 
conveniently prepared by setting up a series of s(‘ven tubes in a rack 
and carefully measuring into each 0.1 c.c. of rholestcrinized aiiligen e.\ 
tract. Then measure the following amounts of physiological saline 
solution into each tube in succession: 2.9 c.c., 5.9 c.c., 5.9 c.('.. 7.9 c.c., 
9.9 c.c., 11.9 c.c., and 18.9 c.c. Shake each tube to mix thorougldy. 
Place 0.5 c.c. of each dilution into another s(‘ries of seven 1ul)es. Add 
0.1 c.c. of pooled serum from initrealed known cases of syphilis. Alsf) 
add 3 units of complement, and saline solution to a total volume of 
1.5 c.c. Shake well. 

Incubate in air at 37° C. for 1 hour. 

Now add T c.c. of sensitized sheep's corpuscles and again r)lace in 


the incubator for 1 hour. 

The highest dilulion of antigen giving c(nnpi<l*' iiiIiiIhI ion o( hfwol- 
Ifsis is taken as the specific binding power oj ffo ant>g<>i- 1 Ins is usu- 
ally about 1:120, hut often goes higher. No antiircn sliowing a titer 
lower than 1 : 100 should he used. 

It is thus seen that a good antigen has an extrenu ly wide range )e-. 
tween the non-specific binding power and tlu* spocitie urn ing 
and it is this 'wide range which insures the speeitlfit} o 1 u tes . . uc i 

a satisfactory antigen is employed in tlie actual IV usm nnann ^ 

'iilntion of 1 : 20, of which 0.5 c.c. is used. In dilutin'. - , 

measured into a graduated c.vlindpr. anil the ‘■idinc i> . II I " ^ rtntit for 

fppeated shaking until the dilution is <-on.,d.-..;. I - ■'O"''-'; 

technic to be uniform in order to secure c-ms, stent results. Antigen 

’oust be diluted freshly each day of use. 
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(3) Preparation of Complement or Alexin.— -On the evening previ- 
ous to the day on which the tests are to be made, the guinea pigs <irp 
bled by cutting the throat. The animals may be anesthetized With 
ether, or slightly stunned by knocking the head upon the edge of t*ie 
table. The skin of the throat is cut with a pair of sharp scissors, tlms 
baring the large vessels on both sides of the neejj. These vessels are 
tlien severed with sharp-pointed scissors, taking care not to cut the 
trachea and esopliagus. The blood is collected into a centrifuge tube 
or petri dish. A guinea pig of average size should yield sufficient com- 
plement for twenty Wassermann tests. 

The vessels eontaining the blood may be left at room temperature 
for a time to allow clotting to be completed, when the tubes should be 
“rimmed,” as described under Patients’ Serum, and placed in the ii'o- 
chest over night to facilitate the contraction of the clot. Our experi- 
ence has been that guinea pig serum, thus obtained, is higher in com- 
plement-content than when the animals are killed and the serum used 
on the same morning. On the day of the test, the tubes containing the 
guinea pig blood arc centrifug<*d and the clear scrum pipetted ofT. 
This serum is then diluted 1 : 10 with physiological salt solution, and is 
ready for use, without further manipulation. 

Such a solution must, however, be titrated for its hemolytic power, 
for the sera of ditTerent guinea pigs vary in their activity in this re- 
spect, and no com[)lement must ever be used without being standardized. 
The procedure is sirnph*: a series of (dght lubes are set up in a rack, and 
into the first is measured 0.05 e.e. of complement (1:10), in the next 
0.1 C.C., in the third 0.15 c.c., in the fourth 0.2 c.c., in the fifth 0.25 
e.c., in the sixth 0.3 c.c., in the seventh 0.4, and in the eighth 0.5 c.c. 
Into each tube, exc-ejiting the eighth, is then measured 1 c.c. of sensi- 
tized .sheep eorpu.seles {sve page 2821, the eighth tube receiving 0.5 c.c. 
corpus<'h* suspension only. Each tube is then made up to 2.5 c.c. with 
normal saline ^.solul ion. After shaking, the rack is placed in the air 
incubator at 37 C. for 1 hour, at the end of which time the re.sults arc 
read. Ihe tube containing the u-ast amount of complement which com- 
pletely hemoly/.es the eorpustdes is noted. If this is the third tube, 
it contains 0.15 e.e. ot eo:.>^;iement (1:10), and this amount is called 
the i/a/f of complement. Ihrce nnifs are employed in the Wasserma}}n 
test. The eighth tula- contains no hemolysin, and vshould show no hemo 
lysis. It is a contrel to show whether the complement can cause hemoly- 
sis of itself. In our experience this practically never occurs. 

(4) } 1 eparahon of Amhoceptor or 11 emolysin . — To obtain the hemo- 
lytic amboceptor, a rabbit is injected repeatedly with washed sheep 
erythrocytes. It is best to immunize two or three rabbits at the same 
time, in oidei to be sure of one being satisfactory, as rabbits vary greatly 
in their response. Moreover,' whether the injections are given intra- 
peritoneally or intravenously, the animals are often found to be sensi- 
tive after two or more inoculations, and to die after exhibiting signs 
of anaphylaxis. For this reason it is better to give small doses at fre- 
quent intervals than larger doses farther apart. Although we have ob- 
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T-inod serum^ of high potency by both routes, th(. uuHior reirards Tlie 
intravenous injections as more satis^faetory. One e.e. of su^lid cells 
diluted in the syringe with 1 c.c. of saline, and injeeti'd iiitravenouslv 
f.very second day, will usually result in a st'riim' of liigh titer after 
from six to eight injections. Healthy, full-grown rabbits should he 
used. • 

To test the serum of a rabbit which is lieing immunized, a small 
quantity of blood is obtained from the ear of the animal, allowed to 
clot, and the serum diluted in saline to 1 : 1000, 1 : 1500. 1 : 2000, 1 : 3000, 
1:4000, 1:5000, and higher if desired. A series of test-tubes, one for 
each dilution, is set up in a rack. In each is ])laeed 0.5 c.e. of the re- 
spective dilution. Next 0.5 c.e. of known av(‘rage strengtli eomplcmcnt 
(1:10) and 0.5 c.c. of 5 per cent, washed sheep’s (M)rj)use]es arc added. 
Each tube is then made np to 0.5 e.c. with saline solution, and shaken 
carefully. The rack is placed in the air inenhator fr)r 1 hour at 37® C. 
The titer in taken as the h ighest dilution lehich produrrs cotnpleie hvmohj- 
sis. A hemolytic serum having a titer below 1 : 1500 should lit^ver be 
used, and a higher potency is desirable. If tin* serum of tlic rabbit 
which is being tested is satisfactory, the animal should he anesthetized 
with ether, and bled from the carotid a7*tery into centrifuge tubes, using 
precautions to prevent contamination of the blood. After elotting, the 
blood is eentrif\tged, and the serum pip<‘tte(l off into small ampules and 
sealed in the flame. Such ampules kept in the ice-ehest wdll retain their 
potency for many months. 

For actual use, the hemolytic serum is diluted in saline, so as to 
render measurements of so powerful a reagent more accurate. It is 
found that a dilution of 1:200 for every thousand of liter is most 


Ksatisfactory. Thus a scrum whose titer is 1 : ii5()() may he diliit(-<l 1 : 700 
in saline. These dilutions should he made u]> every two or three weeks 
as needed, and must bo titrated when made, to make sure that the ambo- 
ceptor has not deteriorated. To titrate, va7 \ ing amounts of the dilu- 
tion, as 0,05 C.C., 0.1 c.e., 0.15 c.c., 0.2 c.c., a7ul 0.3 c.e., are j)laced in 
separate tubes, and 0.5 c.e. of avt^rage st7-e!igth complemcTit is added to 
each tube. Similarly 0.5 c.c. of sheeji’s corpusch's arc* 7 m*asur(‘d into eaeli 
of the series, and the volume made up to 2.5 c.c. with saline solution. 
The rack is shaken and incubated in air at 37 ' C. for 1 liuur. 7 hr least 
amount of diluted heynoltjsln shoieiag ronipl*le hrntohfsis is inlm as 
the unit. This is usually the tube containing 0.1 c.<‘. if the dilution 
is carried out as suggested above. The amounf of hnmdastn emploged 
in the Wassermann test is 2.5 unils. 

(6) Preparation of Suspension of Sheep's Corpas( vs.-- i< ) oo( is 

drawn from the jugular v<*iii of the shcej) witli a lartn* ‘ 

may be obtained at the slaughter-house. The flask into w lu* i le anmia 

is bled should contain a quantity of sterile Jjhiss ^ 

to defibrinate the blood immediately after wit n . /I’j V 

accomplished by shaking the flask vigorously. >poii "'miDcrnatant 

tory the corpuscles are washed in saline \ 

fluid is perfLly clear. To do this, a few e.c. of the blood ar. plared 
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in each of a number of centrifuge tubes teffuged 

of the tubes. After thorough m.x.ng they f’’® 

for ten minutes The supernatant fluid is then pipettea on a a lu 
tor ten minutes. l j£ £i,g proportion of corpuseks 

SkS to iUia . >pe«i ‘-0 r "'.rsz 

larly for the last tvashing, as the sedimented cells ^ 

dilution, and if the finished produet is to be nniform 
times, the technic must be uniform. The “solid cells are dilut d in 
the proportion of 1 c.c. of cells to 19 e.c. of saline, ® 

suspension. The suspension is now ready for use. It should be plaetd 
in the ice-chest until required, and will keep for three or four dajs. 
It must not he fillowod to freeze. ^ i 

To prepare sensitized eorpiiseles: The hemolytic amhoceptor is added 
to 5 per cent. eor])iiseIe suspension in the proportion of 2.o units of 
amboeeptor to O.h c.e. of suspinisioii. Saline solution is added to make 
1.0 c.c. The mixture is allowed to stand in the incubator for 15 min- 
utes at C. before usinj?. * i a. * 

(6) The Wnssermann Test Proper.— Each day, before the actual tests 
arc set up, sensitized corpuseles are prepared and the complement titra- 
tion is carried out as described on page 280. While ibis rack of tubes 
is being iueubated, the tubes for tlie tests are set up and numbered. 
Each serum to bo tested re(juire.s four tubes. (A suitable size for 
these tubt‘s is 4 inelies by 0.5 inches, outside measurement. They should 
be thick- walled.) Into the first is placed 0.2 c.e, of freshly inactivated 
scrum to be tested, in the second 0.1 e.c., in the third 0.05 c.c., and in 
the fourth 0.4 c.e. Eaidi of tlie first three tubes then reecive 0.5 c.c. of 
antigen, diluted 1:20 as described on page 279. The fourth tube re- 
ceives no antigen, as it is the scrum control,” being designed to detect 
any aiilicoiuplerneiitary power (non-specific binding) of the serum. All 
the tubes then receive 2 units of eoraplemeut. This amount usually 
the fourth 0.4 c.c. Each of the liT’st three tubes then receive 0.5 c.c. of 
serum diluted 1:10. 

Besides I lie serum controls lust described, there are other important 
controls u(*C(*ssary in order • » fully protect against error. A tube con- 
taining 0.1 c.c. of a kno>. n syphilitic serum, 0.5 c.c. of antigen and 3 
units of complement, must be included with the tests. This in turn 
recpiires a serum ei-ntrol tulie eontainiiig 0.2 e.c. of known syphilitic 
serum with 2 units of eomplement but no antigen. Similarly a tube 
containing 0.2 c.c. of known negative serum, with antigen and comple- 
ment, must be set up. This requires no serum control, since if it does 
not show a negative result, it tbeows out the whole series of tests. 
Lastly, a control tube to detect antieoinplementary action of the an- 
tigen must be incorporated. It is true that in preparing the antigen 
in the first place, this test is included, but each day’s diluted antigen 
must be similarly controlled to detect any deterioration of the stock 
extract. The antigen control tube receives 1.0 c.c. of antigen and 
3 units of complement, but no serum. The latter (a known negative) 
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be added if desired, but experience has sliown that it is not neces' 

y.; ry. 

When all the sera to be tested, and all tlio controls described above, 
j,;,ve been set up, the volume in each tube is made np to 1.5 e.e. witli 
solution. The racks are then shaken viiromnsly and plaee<l in 
tlic air incubator at 87° C. for 1 hour. At the eiul of ibis iim<\ 1.0 e.e. 
of sensitized corpuscles is added to each tube ami. afttn* sbakini:. Die 
racks are returned to the incubator for another hour. Durinirthis period 
it is well to inspect the tubes from time to time, with oeeasi<mal shakimr. 
Snell inspection often jjfives the worker valuable informatinn reirardinf' 
individual tests, as treated cases of syiihilis, for iustanee. may neLOi- 
tive ill one full hour, whereas non-syphililic sera often bceome eomiiletely 
Iiemol^v.ed in 30 minutes. 

A positive case shows no hemolysis in the first Ihret* tubf‘s. The 
fourth tube of every test must be hrmohjzrtJ, or the serum is proved 
to be aiiti-complemcntary, and is not of use for the t*’st. In a netrativ<‘ 
ease all tubes are hemolyzed. 

The tube contaiiiinj^ tlie known syphilitic si'nim slmiild lie positive, 
of course, but its scrum control should show eomph*te hemolysis. The 
iie'^alive control serum sliould be hemolyzed, as shouhl also the anli^mn 
control tube. It will bo observed that all tlie controls eonlain twice as 
much of the reagent being controlled as is employed in the actual test. 
This allows a satisfactory margin of safely and is a most important 
point in the technic. 

The following table will serve to simplify the written description ami 
is self-explanatory : 


Table I. — Acttial Wassekmann 'I’evp 


Unknown | \ 

It'itient’s S(^rum j '' ^ 

Coinplc 

inent 

Salinr 

, ( (irpu'-clc'' 

Tuho I 0.2 c.c. 
Tube II 0.1 e.e. 
TuIjc III 0.05 c.c. 
'tub(? IV 0.4 c.(f. 

0.5 c.c. 3 units 
0,5 c.c. 1 3 units 
0.5 c.c. : 3 units 
j 3 units 

Up lo 1.5 c.c. ! ' -f- •* 

Up 1(» J.ac.c. 1 lc« r [ 

Up to 1.5 c c. ^ 1 c.c. _£ 

Up lo 1.5 c.c. 1 ( r„M|;h-lc 

fc, t llClM'ilvv.l>s 

rpnTToc.c. : T: N;'hc,nu)v,‘ 

Up to 1.5 c.c. Ic-.- ...Mi.lctc 

1 Iicmoh si!-. 

Known 

Positive Serum 



Tube I 0.1 c.c. 
rube II 0.2 c.c. 

0.5 c.c. 

3 units 

3 units 

Known 

Negjitivc Serum 



J: i.l 

l ube I 0.2 c.c. 

0.5 c.c. 

3 units 

Tntoljcc = 1 

L,ptol..J(.(. 1 ^ iMUiioivsis 

, . 

Antigen Control 


. ! . . ; i - - ' 

fube I 

1.0 c.c. 

3 units 

T- . 1 1 c c ' • (’oinplcti' 

Cp : hcin.’lww 
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With this method of performing the Wassermann test, it is fouii I 
that there are very few sera which yield a non-specific reaction. T,i 
making routine examinations for syphilis, however, the rule should h * 
followed that all cases of fixation showing any hemolysis, even in Hi • 
third tube, must be regarded as non-specific unless the case is in tlir 
primary stage or has been treated. Strict adherejice to this rule will 
avoid many unnec(‘ssary errors. Sera showing complete inhibition in 
the first Hiid second tubes with partial or complete hemolysis in th< 
third are r(‘garded in our laboratory as suspicious, and other speci 
mens are obtained from such patients for further testing. Many (>!' 
these later yield frankly negative or very strongly y)ositive results, show- 
ing the doubtful reaction at first obtained to be due to technical error 
or other causes. All i)ersistent yiartial positive cases, wdth the excep- 
tions noted above, are to be regarded as non-specific, unless there an^ 
evident signs of syi)hilis on clinical examination. 

As just, intimated, the sera of cases of primary syphilis often show 
a y)artial fixation, but here the clinical evidence is such as to supple- 
ment the laboratory findings and render the diagnosis y^ractically cer- 
tain. These cases invariably yield complete fixation in a week or two, 
unless vigorous treatment is instituted. The diagnosis of primary 
lesions should be songlit first of all by means of the dark-field method 
of demonstrating the presence of Hplrochfla pallida in the serous ex- 
udate from the sore, since positive results may often be obtained by 
this method, before the Wassermann test shows any fixation whatever. 

The technic for performing the Wassermann test upon spinal fluid 
is essentially llie same as that used with serum. The spinal fluid, how- 
ever, is not inactivated ])efore using, as there is no complement pres- 
ent, and the anticomplementary power is usually very hnv. The amounts 
used in makijig the test are larger than those for serum, being 1.0 c.c., 
0.5 c.e., and 0.3 c.<'.. for the test ]>n>per, and 2.0 e.e. for the fourth or 
control tube. Larger amounts than these may be used so long as Ibe 
control tube contains sntlieiejit to non-specific binding. 

The best method of recording rlie results of the lest lias been the 
subject of a gr(‘at deal of investigation. The method most in vogne 
is to indicate complete inh'bition of hemolysis by four plus signs 
(H — ^^*ud the vari^'V.s degrees of hemolysis by fewer plus signs; 
thus 7i) ])er cent, licnudysis would be per cent, hemolysis 

H h ; per cent, hemolysis -f-. If the results in all three test-tubes 
are to be recorded in tliis w^ay the method becomes laborious. A most 
satisfactory means of indicating the exact result has been elaborated by 
Duncan Oraham, who previously was in charge of this laboratory. Eacli 
tube .sbowdiig complete inhibition of hemolysis is indicated by the figure 4. 
Thus if a serum shows complete inhibition in all three dilutions, it is 
recorded as 444, or very strongly positive. Kach 4 represents a separate 
quantity of the serum, and the three figures indicate exactly as much 
as if we had written +4-++, ++++, ++++. After treatment the 
third tube may show 50 per cent, hemolysis, while the remaining tubes 
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.o il show complete inhibition. Siieh a result woubl b,> reeor.letl 442. 
Tae serum of a case \inder treatment usiinlly uiiderjroes frradually a 
, Tange from 444 to 000 (negative), as illustralcMl in the following 




14, 1917 
Sept. 21, 1917 
S,.pt. 26, 1917 
Kov. 2, 1917 
Kov. 7, 1917 
Pee. 3, 1917 


Case A. K. Under Treatment m'itu Piaksknoi 

No tr«atmont 

After one dinrsenol 

After two di.irsenol8 ’ ] ’ 

After three diaraenols 

After four diarsenols 

After five diarsenol.s 


Wa.sst'riiiann 444 
“ 4 H 

444 

“ 4 :«> 

‘ • 320 

• ' (K»0 


AVe claim for this method of interpretatioii that tlie eliin(‘ian ctm 
five exactly what the techniciao in the laboratory has found in tlie 
test. It is not as enmhersome as the ■4--b4- f aietlidd. and drives inon* 
iTiformation. Crai"®'** uses only one <|uantity cf siu-inn a).l e.<'.4 and 
therefore finds the latter method satisfactory. He eaji only say wliether 
a patient’s blood is positive or negative, and eainiol detect early ehanjre 
due to treatment, as can he done with a tube containin*; O.Oo c.e.. nor 
can he follow his treated eases as lonjif as can be ilone by having' one 
tube containing 0.2 c.c. of serum. 

Problems Involved in the Standardization of the Wasskrmann 
Reaction. — It is safe to say that of all tlie la)>oratory tests now avail- 
able to the general medical profession, whetlier chemical, bmderiobigic 
or serologic, none has proved itself of such great value at tin' presiUit 
time or offers such great possibilities for tlie future, as the Bordet- 
AVassermann reaction. It is (piite true that only in lh(‘ larger centers 
of population has it had, up to the present, a wide aj)pli(‘ation ; and, 
as a consef}ueiice, the statement just made will sound .«oitiewhat ex- 
travagant to thoKSc practitioners from oulside ])oiiits who ljav<‘ not been 
closely in touch with such work. It is not yet realized by many phy- 
sicians that syphilis may he the undcudying eaust* ot many cc)n<liti()ns 
which are so obscure as regards diagnosis, and so obstinate in yielding 
to symptomatic treatment. 

A wider application of the test would not only reveal tlie .secret 
in many of these puzzling eases, but would prove rd great eliminative 
value where the result is negative. Add to tins the other, larger s])here 
of this laboratory proeediire, that of aseertaininir in a scientifie and 
reliable way, the progress of a .syphilitic patient umlcr treatment. loo 
few physicians avail themselves of this valuable gmdr* in treatment am 


prognosis. , , r , > i . 

Unlike the AV^idal test, or other diagnosti(‘ m*‘thods of the laboratory, 
the Bordet-A\’'assermanu reaction is ('ompli‘'ated i*' tie pr<paration o 
Uie reagents, the carrying out of the technic and thr interpretation of 
the results. It is not to he wondered at. theretore that 
tions from the original method have been desei i M‘f These 

who claim special advantages for their respective niodiheatn i . These 
alleged advantages may he divided convenient v m ‘ ‘ 

I. Those claiming a more delicate or aceuran < i ^ 
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II. Those claiming a simplified technic, designed to reduce the lab r 

involved in making the test. , 

It is not witiiin the compass of this article to describe these vanoi s 
methods in rlotail, but mention will be made from time to time of 
of the important modifications, while discussing the different subjeois 

ii; their proper order. • 

It may be well to analyze our objects in performing the Wasser- 
mann test. First of all we desire to detect every case of syphilis. Sec- 
ondly, we consider it e(|ually essential to detect the absence of syphilis 
in ail cases not infected. Extremists are always to be found in the 
medical profession, and among the champions of the Bordet-Wasser- 
mann reaction there are a few enthusiasts who claim for it almost 
supernatural pow(‘rs. On the other hand, there are some®* (and their 
numbers are significantly few) who elaira very little specificity for the 
test. In a ealm consideration of the whole matter one must realize 
that there is no diagnostic method, clinical or laboratory, known to med- 
ical science, which is infallible. Not only is there a small percentage of 
error due to the technic and its limitations, hut there is no doubt that the 
personal clement enters largely into the question. As Ottenberg®" 
says, some good workers obtain satisfactory results in using inferior 
methods, simply because of skill and experience in using the method. 

It is, however, both startling and gratifying to find such an unex- 
pected uniformity of results as now exists in tlie difTerent laboratories, 
and this knowledge should act as a spur to encourage the workers to 
standardize their technic and thus place the tost upon the highest scien- 
tific plane. 

Let us now consider what is involved in the effort to detect every 
case of syphilis. Viewing the problem from a biologic standpoint, it 
is not difficult to understand that during the first two, or even three, 
weeks after the appearaiK'e of the initial sore, the test is very often 
negative in true cases of syphilis. The so-called syphilitic antibody 
requires time for its production, and it would be unreasonable to expect 
a positive test before its appearance in tlie blood. Passing on then 
to the time when one should reasonably expect the presence of tlie an- 
tibody in the blood, several factors have an important bearing upon 
the result of the test. A ;,proximately 100 per cent, of all cases of 
frank secondary syphilis give a positive reaction by any of the well 
recognized methods. It is in tlu* tertiary and latent stages, as well as 
in cases involving the nervous system, that diversity of results appear 
according to the technic employed. To these must be added cases of 
known syphihs which are undergoing, or have undergone, treatment. 
One of the most jiotent causes of this diversity is the difference in an- 
tigen used. It is almost universally agreed that a cholesterinized heart- 
antigen is much more sensitive than a simple heart-antigen. The ques- 
tion we have to decide is. which, if either, is the accurate one? Then, 
too, comes the strength of the hemolytic system used. It must be de- 
cided as to what maximum strength is permissible without danger of 
losing the ^c^icacy required to detect weakly positive cases. This factor 
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is just as important as our determination of the minimum strengrth 
compatible with safety as regards speeiiivity of tixation. These points, 
together with details ooncerning the actual teelinie employeti, are mat- 
tors which must be left to the judgment of the in\ (*‘»tigator, and are 
therefore more or less arbitrary. With tiiese significant facts before 

it is not difficult to appreciate the ohsfudos confronting an attempt 
to standardize the whole procedure. It is (uir purpose tr* take np each 
point in detail, to present the actual findings, and to di'aw. tljer«'from, 
conclusions which it is hoped will be of value to the \vorkcrK in public 
health laboratories. 

For the sake of uniformity we shall assume from the beginning that 
the total volume in each tube at tlie end of the rcartion is i».r> c.e. It 
is true that in the original tests AVassenuann used o (*.e.. and it is also 
true that some laboratories now use very small amounts in an effort to 
economize in the reagents. Most laboratories now use L’.o e.c. as the 
optimum volume, believing tliat it combines reasonable a<‘C*uracy with 
proper economy in reagents. This view eoinciiies wifh my own personal 
experience. 

(1) The Antigen . — As has been intimated abov(>. the (p)estion of tlie 
antigen is a difficult one to solve. The clmice of antigen lies, in the 
opinion of the great majority of workers, between the simple, alcoholic 
extract of heart, and the cholestcrin-reinfon-ed al<ola>Iic extract of 
heart. It must be noted, however, that some laboratories, for ojh- reason 
01 another, use the acetone-insoluble fraction of the simple alcoholic 


extract of heart muscle according to the method of Nogueld. The writer 
had no personal experience with Noguchi's antigen, ami will refrain 
from comment which would only be based upon sec<)nd band information. 

The simple alcoholic extract of guinea pig and bi ef ln‘arl has nuniy 
advocates,'*® and with good reason. Ottenberg eoinjiares the resnlts ob- 
tained with such an antigen with those using a cholesterin-reinlorced 


alcoholic extract. In 9e^) per cent, of tin* cases tlie r(*snJls were id<‘nti<’ai. 
Of the 67 disagreements in 1,241 eases, 42 gave detiniti* positive reac- 
tions with cholesterin, and negative or doubtful reaetions witli the sim- 
ple antigen. Of these, he says, 22 were cases in wliidi tln ra* was no 
reason to suspect syphilis. Taking the other 2.>! disagreements, the 
cholesterinized antigen gave negative results, wk.ilf the simple ahmholic 
extract yielded positive tests. Twenty of t lies.* wen- known or highl>^ 
probable cases of syphilis, while five were donhttut cases in wlih i svp - 
ilis could not be excluded. He admits, Inm<*v(-r. that the cholesterm 
antigen gives a ‘‘far greater numher” of w'<‘ak ])ositi\o leaftions in 
treated syphilis, though he claims that this advantage is 
hy a considerable number of fals<* positive reactions. e, ie ♦ » 


draws the conclusion that *‘cholcsterin-re 


iriforced antigen should never 


be relied on alone for diagnosis. ’ 
Let us now analyze the data on 


which he forms this opinion. First 
rreements between the two antigens. 


of all, there are 95 per cent, of agreements 

Of the 5 per cent, remaining, the tha„ i: j>er 

tions in slightly over 3 per cent, of tJi 
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cent, to the credit of the simple extract. About half of the chokstcri.- 
positive, disputed, cases were undoubted or ® ° ' 

which brings the error with that antigen, according to this observ. , 

5“ .liutly ,„.r 3 p.r «..t, » .o«p.»a •" 

less than 3 per cent, with the simple antigen. 

to a very .small extent in favor of the latter. x v • 

Deduct from this, however, the very important drawback in no being 
able to detect many .■uses of treate.i syphilis. Remember also thaUS ot 
the 22 alleged false reactions charged against the cholesterm antigen 
were cases of pregnancy which, as has been shown in our latoratory, 
can easily be ruled out by repeating the test after parturition. Further^ 
more, where routine tests arc made in a large hospital, it is a matter of 
common experience that many eases of syphilis arc latent— presenting 
no symptoms or signs, and giving no history of infection. Such instaners 
are .so common tliat one i.s (piitc justified in concluding that 
tw'cnty-two in 'whicli Ottenherg could find no reason to suspect syphilis, 
some at l(‘ast w’cre undoubtedly cases of that disease. 

Stok(‘s and O’Leary’^ find that in nearly every instance of provoca- 
tive Wassermann t(i.sts, the cholestcrin antigen alone was successful in 
detecting positive cases. 

One more point is worthy of consideration before leaving this ques- 
tion; namely, the statement already indircetly referred to, that in 
25 cases the simple antigen yielded a positive result, while the cholesterin 
antigen results were negative. No explanation of this phenomenon is 
advaneed, and indeed none suggests itself to me. It seems difficult to 
understand why an antigen made np in exactly the .same way, but with 
the additional safeguard against false negatives provided by cholesterin, 
sliould fail to be as sensitive. Nor has this phenomenon occurred in 
our laboratory, althougli it must lie admitted that we have not yet made 


as many tests in i)anillel as lias Ottenherg. 

In reporting such a series of cases, it is important to state whether 
they were done in routine, or ’’n sn.spceted cases. In the former in- 
stance there will nece.ssarily be a great many negatives with a corre- 
spoiulingly great iiiimber of ‘».greenients, while in the latter, there will 
be many positive tests, w’l ;. a greater oi)portunily for the results of the 
two methods to be at >'uriance. In a series of 300 cases, of which 85 
were positive, we found 85 positive with the cholesterin antigen, and 
68 with tlic simple alcoliolic extract. All the 68 were found to be among 
the 85 cholesterin positive cases. Thus 17 cases were negative with sim- 
ple antigen and positive with cholesterin, and in all these there was no 
reason to believe they wore not syphilitic. Nine had been treated, and 
two wore early primary syphilis. Besides the 17 that altogether escaped 
detection with the simple antigen, there were 28 in which the reaction, 
wiiile positive, was weaker with the simple antigen. Of these, 8 had 
been treated, and 2 others were early cases of primary syphilis. 

Of the total 45 disagreements between the two antigens, with one 
exception, all were in favor of the cholesterin-reinforced extract. In 
this single exception, a treated case gave a 430 reaction with the simple, 
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320 with the re-inforced antigen. Tliis is the only instance of the 
Kind occurring m my experience, even aside from tlie series now being 
r, ]>orted, and may be due to an error on the part of the technician. Cer- 
t.iiiily no other explanation seems plausible. 

The figures quoted above were obtained by tlie regular procedure in 
the case of the cholesterin antigen, and primary incubation for four 
liours in the ice-chest, in the case of the simple extract. With the 
ordinary primary incubation of one lumr in the incubator the simple 
antigen gave still less reliable results. 


Table II. — Summary or Disagreements in the Xcmukr of 0\sks ok Syi*hii*is 
Detected by Simple and by CiKiLESTEKix Avtjgen.* 


I Cholesterin 
1 Antinen Anlinen 


Number positive 

So 

l»S 

S.'i 

1 routed, but positive 

. .i 17 

rj 

17 

Karly chancre, but positive 

t 

2 

A 

lloaotion strongest (treated case.s) 

■ , 

1 

17 


* The figures in this table refer to disafjrrcnu nt.s (tnly. liutli .'uiligens wi'r** nnele 
at the same time, from the same heart. Note how chisely the liguri's in the t<ttal 
correspond to the figures of the cholesterin nntij»en. 


The experienice of Thomas and Ivy-^” corroborates onr o\Yn. It may 
be worth suggesting, therefore, that before such ji statement as that of 
Ottenberg be given full credence, control tests with more than one eholes- 
terin antigen, or duplicate tests with the same antiirmt. ht‘ made, for it 
is possible that the variance in the results may he du(‘ to ddTiTimces 
in technic, or even to oversight on the ]»art (d* tlu' laboratory workers. 

To sum up, then, the balance seems to be definitely in favor id’ the 
cholesterin-reinforced antigen, to be used, of course, only by experi- 


enced workers. There is somotliing to b(‘ said, it is true, in favor ol 
using both as a check one upon the other. Ilen‘, to(>, however, it is 
liable to lead to confusion and doubt in the mind ol the wnrk«>r, who 
must then decide upon which result he should jilaci* his reliaiiei*. Ihe 
author believes that if a worker uses both auligeiis, the siinjile antigen 
should only be considered of value, as dirrcluK} his aftnftion to those 
cases giving positive results with the reinforced antigen alone, so that 
he may inquire more minutely into the clinical history, and if desirable, 
as in the case of pregnancy, febrile coiuliti^ais and e**rtain trojnea i is- 
cases, arrange for a further examination of Ihe lilood at a later (late. 

As to the dosage of antigen, the reader is direeied, for an ai inira m 
summary of the facts concerning this (pa^stion, to ^ papir, o 

which reference has already been made. It is sntfieient to sa\ 
our own laboratory the dosage is delm-mined by two inaiii factors, . 

ihe anticomplementary power, and the specific ^ 

igen is considered satisfactory which is at all an ' reaction with 

7 iot. LHve a positive reaction witn 


dilution of one in six, and which does not give 
pooled positive sera in a dilution of one in one 
VoL. I.— 19. 


hundred. This gives 
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a wide ranji^e, and a point is taken midway between these two extrem* s, 
generally one in twenty, of which 0.5 c.c. is used in the test. The o 
remarks apply to a cholesterinized human heart antigen. 

(2) The Alexhty or Complement . — The next problem to discuss is th.it 
of the dosage of the complement. For convenience, it is customary io 
dilute tlie guinea pig serum one in ten with saline, and many laborn- 
tories use a fixed amount (usually 0.5 c.c.) of this dilution throughout 
the test. It is true, however, that guinea pig serum varies as to its 
complement content, and this necessitates the adjustment of the amho- 
ceptor to meet the variation. To accomplish this, varying amounts of 
amboceptor arc titrated woth a fixed arbitrary amount of complement 
(0.5 c.c. of 3:10 dilution). Such a method means that instead of in- 
creasing the amount of complement when it is weaker than usual, the 
amboceptor is increased. This procedure is possible owing to the fact 
that within certain limits the results appear the same. Manv labora- 
tories, among them those of Bruck and Citron, follow this method. Tt 
seems, however, more reasonable to vary the amount of the reagent, 
which itself is not constant in quality. We know that the hemolysin 
remarkably stable, whereas it is a matter of common experience to 
imd certain guinea pigs whose blood shows a low complement content. 
T workers, inclmling McIntosh and Fildos, Thomas and 

vy, alker and Swift, Boas, Ottenborg, use, therefore, fixed amounts 

complement according to its 


innJ!!!'** farmer mothod is one of economy of time, 

nasmncli ns the addition of a complement to tlie tests need not be de- 

land ns ole,'’ 0" other 

nnbe nl? r • o’’*’" complement may be snplemented, 

center Imt I "!• '•‘'Option, by an excess of ambo- 

per d) we hn'f 1"^'" inoo^ation (the fixation 

Inmt in wh oh f"’P'oment as compared with an experi- 

wiRh the quality of ‘hat rcaarent is up to the average So 

hfefrec7i f®L rn?tl '1‘* “”’’’'>«<‘ptor, the chanjre does n"ot'have 
level ' ” in the tost proper at a constant 


'Officnl to titrate the complement each 
day, the question arises as to the method of determining Z unTt C 

» ~ =rr.r.'.,.7S r 


previously with diffeient complements from day to dav the average 
result ot. several representative titrations with different satisflctov 

titer of the serum ^ ®®ount, of course, varies with the 

obtained. If the titer ZiyWo, trdih«t t’‘ 
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us assume that it is 0.1 c.c. This is called the unit of this particular 
iiinboceptor, and is stationary so loii«r as the amboceptor lasts, providc<l 
ii does not become infected. Tlie unit havimr been denn-mined. a series 
ri' tubes is set tip, each containing two and oin’-half units of ambo- 
coptor with varyinjj amounts of conipleinent. If tin* same oomphunent 
is used in this test a« in tlie previous one, it vill b<' foniul tliat the com- 
plement titer will be approximately two and a half times h‘ss than the 
amount used in determining the amboceptor tiler. This obsen-vation co- 
incides with that of Ottenberjr in the earlier pari of l»is pap(‘r. but con- 
tradicts a later statement of the sanm author.* Tlie exjilanal ion (if this 
a])parent inconsistency seems to be tliat bis arbitrary arnonnl of com- 
plement is too low to produce the effect to wliieh he calls alltuition. In 
other words, it is too near the minimal dose. The author has rcp(‘ated 
the experiments be outlines many times and at no time (»btained the 
results he indicates. The followiii^^ is fh(‘ neaia'sl the author could L'-et 
to his findings : 

T. Cotnpli'motit 1 in 10, 1 c.c. 

Sheep ’s corjiusch's 5 jH'r cent., 1 c.c, 

Arnboeoptor (1-300 dilution of 1-2500 (in'r.) 0.0 0.0;" 0,1 0.1;" (t.'2 (^.25 

Air incubation for 1 hour at 37° C N U. N.ll. IMl. JMl. (Ml.f r.H.* 

* N.H., No liemoly.sis ; P.TI., Partial luMnolvsi.s; - ’Tl., CViriipIcfc l« n»o|vsi^. 

1 

The unit was, therefore, betwo<‘n 0.2 e.c. and 0.25 c.e., nnd was taken 
as 0.22 c.e. Two units of this amboceptor were* now titrated against 
the same complement. 

IT. Ainboccpior O.tl c.c. 

Sheep ’.s cor])u.sclcs 5 per cent., 1 c.c. 


Complement 1-10 (>-3 0.;!.", 0.4 0 5 

Air incubation for 1 hour at 37° C i’ lb A.C.H.’* t .JJ. 


* Almost coiujilcte hemolysis. 

Tims we see that the unit is 0.5 c.e., or nearly sf>. 

By this it is apparent that the two titrations currespond very mark- 
edly, and any difference, while tending toward OttenberL^ s ei>Mt(Mit.iori, 
is very small. 

Onr own daily titrations are carried out in mueh the same fashion. 
The following is a typical extimple; 


Sept. 7, 1917. 

I. Complement I in 10, <J..j c.c. 
Sheep’s corpuscles 5 per cent., 0 •* c.c. 

Amboceptor (1-300 dilution of 1 2.’)no liter.).... 

Air incubation for 1 hour at 37' C N.II. C,H.. 


0.1 0.15 

(Ml. CMI. 


0.2 

(MI. 


Unit = 0.06 c.c. 

*Ottenberg: Arcli. Int. umlutjbt 

keeping the Hemolytic System Mnuur.i of .amboccrOor a. 

‘dly produce the same hemolytic emd b\ » - “The Dose ot 

'>y increasing the amount of complement. ^ (•(.mnierm nt "ill do th * 

^-'omplement,” he proceeds to show that 0.6 c.c. oi (oinpem.ri 
^’ork as 1.0 c.e. 


.name 
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II. Amboceptor two and one-half units (0.15 e.c.). 

Sheep’s cells 5 per cent., 0.5 c,c. 

Complement, 1 in 10 0.1 0.15 0.2 0.25 0. 

Reading after 1 hour at 37'’ C P.H. P.H. C.H. C.H. C.ll. 


The unit of complement is thus seen to be 0.2 c/!. 

Note liow closely Experiment I and TI correspond. By multiplyin^r 
the amboceptor by 2.5, the complement is divided by 2.5. 

Variations from this result are infrequent, and are generally minor 
ones. They probably are caused by slight errors in technic, as for 
example, allowing a drop or two of complement to escape from the 
pipet while withdrawing it from the tube. 

Having determined the unit of complement in this way, it now be- 
comes necessary to decide the number of units to be used in the test 
proper, for, after all, this is one of the most important factors in iii- 
flueneing the delicacy of the reaction. Nearly all the workers who di» 
not use a fixed dose of complement employ two units or less. Browning 
and McKenzie, however, advocate very large amounts — 7, 10, 15, 20, 30, 
40 units, and Field, 6 to 8 units. These quantities we have found, as 
have others, to he loo large. Two units seem to he very suitable with 
a simple heart antig(‘n, but with a cholcsterinized extract we have found 
at least 2.5 units to he necessary, while for regular routine 3 units 
seem advisable, since with the former amount there is sometimes a small 
amount of nonsjx'cifie fixation with certain sera. 


The diO’erence helween two units as determined bv titrating against 
one nnit of amboceptor, and 2.5 units as determined by titrating against 
-.0 mills of amhoeeptor, is eonsidm-able, so that the actual amounts usihI 
ny us ar(‘ somewhat less than those employed bv Walker and Swift 
(approx mafciv Fi per rrnt. loss). Tl.o roasoa is foun.l in tlie faot 
that by tins niotluKl wo aro ablo to follow 11, e troatocl cases imicli fnr- 
tber. Two iniifs of eornplomoiit, as dotoi-rninod by titrating against two 

J' T',"'!’!";’- r '"I"”"?- complement, 

of e '"cc )> I eating against 2.,) units of ambooeptor. Throe units 

of complomoni as (lotorminoil by the latter motbod (as employed in 
oui laboratory) is cipiiva'.-.., in actual amount of guinea pi^r" serum 

to 2.4 units, as determine,' dy the former. 

it. ’Theri’'’i,f I'aa much to commend 

■will give comnl >1 I *'^1 amount of complement whicli 

1 gnt compbte beniolysis when titrated in the presence of the 

heT estim 'ito 'll, ""I'"''"' 

ej (stim,itc till antieomplemeiitary power of the serum and of the 
^tigen senim eombinafion. and arrange for the prerere’ I’n the te 

Tf safeC hemolysis, m order to increase the margin 

We have tried this method in uarallAl r.. 
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distent, save in minor details, the readings of our own method were more 
(H'finite, and while we are still usings this inotiificHtioTi alon*? witli our 
own for purposes of comparison, we cannot at i>res(‘nt feel tinvard it the 
same confidence that the regular procedure in.spirt>s. It deservt's, never- 
tlieless, a longer trial under impartial control htdore being detinitelv pro^ 
iiounced inferior. 

Before we close this discussion of the eoinpleinenl, mention must be 
made of a peculiarity of some specimens of gnim a pig s,ennn. namely, 
that they arc not nearly so ameiiahle to fixation as are othei*s. Browning 
and McKenzie showed this in 1909, and Otterdierg also calls attenlion 
to it. The latter author has been working at tin* iirolilcui with a view 
to devising a method whereby the fixahility of the eomiilement may he 
measured in the preliminary titration. Until some such scheme is 
evolved, the only means of avoiding trouble from this source is by 
using for each day’s test a large number of guimui pigs, thus minimiz- 
ing the effect, should one of the sera prove wi'ak in this regard. 

(3) Amboceptor Titrations . — The first (piestion to decide is tlu' length 
of time to be allowed in the thermostat for the titration. Varying from 
fifteen minutes (Field, Kaliski), lialf an hour (Soriuaiii). one hour 
(Wassermann, Walker and Swift, Thomas and lvy», two lioiirs 
(Boas, Thomsen, Noguchi), the time employi'd liy tli(‘ different workers 
shows little uniformity. Using tlie air ineuhator at 37' one finds 
that hemolysis farely begins before eight or ton minutes, and while it 
is more than half completed in thirty minutes, one lionr elapses before 
the process actually ceases. Sometimes, indeed, on Imiving th(‘ mix- 
tures exposed for a longer period, a further hiking om-urs, but it is very 
slight, and it is difficult to see any real advantage in so d(»ing. Shorter 
periods than one hour arc probably justified wlnni using the water- 
bath, since by that method the tubes and tlnnr eontmits reach the re- 
ftnired temperature much more quickly. There is anollier ailvantag'o 
in the use of the water-bath, namely, that constancy in lempm'atnrc 
can be more easily secured, unless, as in onr laboratory, a very large 


incubator is available, enabling one to open the doors without an afipreci- 
able change in temperature. 

If preliminary sensitization of the corpuscles is carried out in the 
actual test, it is equally important to follow tliis trehnie. in tin; pre- 
liminary titration. This may be aceomplished )»y mixing the ambo- 
ceptor and cells and allowing them to stand in llie incuhator for fifteen 

minutes before setting up the test. , . i • i 

(4) Sheep Cell Smpension.—hlany lahoratorii's obtain tbcir supply 
of sheep cells from an abattoir and 11111 “ aro dcalinjx with .■ntircly dif- 
ferent corpuscles each day. As has boon sbowii n (iiarR a 
Hopkins,*'* cells of individual sheep vary ennsab iablv m 
ance to hemolysis. It would, therefore, seen, advisable that one, or ,f 

necessary, two sheep be ^ preparation of the cell 
Of more importance is the question oi i i 

anspension. The original method was to wash * 

saliL, by centrifugalization. This was done three times, and after 
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supernatant fluid had been pipetted off the last time, the cells were re- 
stored to the original volume of the blood by the addition of saline soli i 
tion. This suspension was then diluted 1 in 20 with saline, makinj^ a 
5 per cent, emulsion. Some workers, as Browning and McKenzie aii,l 
Citron, still adhere to this method, but the great majority have dis- 
carded it for a niodiflcation wdiich seems an improvement. It is merely 
to make a 5 per cent, suspension of the sedimented corpuscles after 
pipetting off the supernatant fluid. It is held, and with good reason, 
that the corpusele content of the blood of different sheep or even of 
the same sheep upon repeated bleedings, varies. According to the old 
method, this would result in varying concentration in the suspensions 
used. By centrifuging in the same maehine at the same speed for a 
definite length of time, one e.an obtain a uniform sediment regardless 
of the corpuscle content of the blood. 

An antihuinan hemolytic system may be substituted if desired. It 
does not seem to alter the test in any Avay, and is often more practi- 
cable, especially in small laboratories w’here the expense of keeping 
sheep on hand would be out of proportion to the advantage gained. 

(5) Patient Serum . — The amount of serum used in the test seems 
to be fairly uniform throughout the different laboratories. Many use 
0.1 c.e. in the test proper, although Wassermann gave 0.2 c.c. as the 
proper (|uantity. Personally we follow^ the method of Boas of employ- 
ing three tubes containing 0.2 c.c., 0.1 c.c. and 0.05 e.c. respectively. 
This allows of a more accurate e.stimation of the strength of the reac- 
tion and does not involve a prohibitive amount of labor. 

Inactivation of the serum at 56° C. for half an hour in a water- 
bath is carried out in most laboratories as a routine measure. The 
objects ot this procedure are two: to destroy the complement in the 
patient s serum, and to remove the unknown substances which render 
certain sera anticomplementary. 

It was also reported that active serum yielded false positive reac- 
tions. Noguchi pointed out that this was due to impurities in the 
antigen, and claimed that active serum used in combination with his 
acetone-insoluble lipoids precipitated from the alcoholic extract did not 
give these false positive re..>ats. llis method, however, has not come 
into general use, and for -.he present, at any rate, it seems advisable to 
adhere to the practice oi inactivating the serum. 

(6) Natural Amhoce^otor in the PatienVs Serum.— It is a matter of 

common observation that many hiaman sera contain appreciable amounts 
of antishcep hemolysin, and some contain quite large amounts. Some 
workers use an extra tube in the test in which they omit the amboceptor, 
test occurs, they may absorb the hemolysin and repeat the 

In Nopchi's modification, by using an antihuman hemolytic sys- 
tem, this factor is obviated. We have carried out a considerable num- 
ber of experiments in regard to natural hemolysin, and have corroborated 
the statements of Wassermann, Neisser, Bruck, and Schuct," and others, 
concerning its occurrence. We have performed many tests, using the 
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. tra tube for the purpose of detecting its presence, and in all instances 
< ' negative results with evidence of -a c'onsidt’rable annuint of natural 
.jjuboceptor, the serum was treated with sheep cells, and tlien tlie test 
repeated. In no case in the series was there any diiVerenee in the result. 

True enough, we not infrequently find evhlence of natural and)o* 
eeptor in the first and second, even in the third tube of ibe main test, 
luit it seems never to occur in such large (piantities as to cause complete 
tiemolysis in a positive serum in the tliird lube fwlndi contains only 
0.05 c.c. serum). Therefore, when we find a t(‘st in which the tube 
c(mtaining 0.2 c.c. serum shows partial or conq^lete hemolysis, the sec> 
ojid tube showing less hemolysis, and the third tube feontaini?ig 0.05 
c.c. serum) still less, or none at all, we immediat(‘ly suspect the j^rc’senee 
of natural amboceptor, and proceed to absorb it bebue rei)eatiug the 
test. Our position regarding the presence of natural aniboeept(»r in 
the patient’s serum is upheld by other authorities, notably \cill,« who 
states in a communication published since the above was written, that 
from his experiments he concludes that the presence of antishcep amlw^- 
ceptor in sera does not yield false results where not less than 0.1 c.c, 
of serum is used for the test. 

Just here it may be well to call attention to some peculiar substance 
present in some sera, which causes hemolysis in exactly the same fashion, 
but which is not removed on exposure to sheep cells. Others** have 
noted the same phenomenon, but so far no explanation Ims been r)flrered. 

(7) Primary Incubation , — The ma.iority of workers fr^llow the me|ho<l 
of Bordet and Gengou, and of Wassermann, in th(‘ primary incubation, 
that is, one hour in the air incubator at 37® C. In 11)13. Jaeobsthal*® 
reported that ice-box incubation at 8 to 10° C. for tliree or four hours 
gave better results. Since that time, his statements have be<‘n con- 
firmed by many others, but lately the matter lias come into ])roinincnee 
by the work of Koopman, Ottenberg, and still more recently by Smith 
and MacNeal,^® who find that with ice-box iiumbation for four hours, 
the results with simple alcoholic extracts are just as delicate as those 
with cliolesterinized extract in the air iiienhator at 37 i\ \\e have 


found the i6e-box method to he of deeiiled adv.'nilagi' in using the 
simple heart extract, and would strongly r(‘e«)mmend its use if this 
antigen is to be employed. The ice-box, liowi'ver, is quite unsuitable 
for use with the cholesterinized extract, aial as long as we emifioy this 

antigen, we shall adhere to the air inenhator m(‘1 hod. , , - i j 

(8) The Serum Control According to tlie method laid down 

by Wassermann, and followed by the majority of workers, the amount 
of serum in the control tube is double that eonlaineil in the u )es <» 
the test proper, or, as in our laboratory, wliere there are 1 
the control contains twice the amount of .serum in the irs u le .- c.c. . 
Speaking from a large experience with dmlesterinized J 

agree wi^h Ottenberg that the control tnbe con1an..n« a -1<'; ' « ^ 

serum does not form an additional factor of safety 
above, the natural amboceptor is not giving us a s 
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tention that this property of the serum robs it of its value when us^ 1 
in double quantity, does not hold. 

The same amount of complement is added to the serum control till -* 
as to the others. Thomas and Ivy, Browning and McKenzie,^ ari l 
Often berg question the advisability of this, holding that there is a a 
excess of complement, and thus slightly anticomplementary sera mav 
be taken as weak positives, because the control tube goes perfectly 
clear. Their contention is probably of importance where their method 
of using a single dose t)f scrum in the control tube is followed. It is 
worthy of consideration even where a double dose is used. The means 
they employ (that of titrating pooled negative sera with complement ) 
to ascertain the anticomplementary power of the serum, so as to meas- 
ure the minimal dose of complement for the control tube, is open to 
criticism, for it assumes that the average will suffice, whereas, approxi- 
mately half the sera will have a higher anticomplementary power than 
the one given by their test. 

The ideal way would be to test each serum for anticomplementary 
power, and then add just sufficient complement to clear the tube. This, 
however, would involve a prohibitory amount of time and labor, and 
the advantage would not justify it. 

In our laboratory, it is found that by performing the test with a 
properly adjusted hemolytic system little difficulty is experienced in 
this regard. In spite of this, however, there are occasionally a few sera 
which exhibit a slight inhibition, with the control tube perfectly clear. 
Where the case is not one of early primary syphilis, or an older case 
which has been treated, we believe all these slight inhibitions to be non- 
specific. This view is based on jiraetical experience. We, therefore, 
never interyiret a test as positive unless it is very strongly positive; in 
other words, unless it shows complete inhibition of hemolysis in all three 
dilutions of serum. 

The Modification in the RTnENGTH of the Bordet-Wassermann 
Test during the Treatment op Syphilis. — If the treatment of syphilis 
involved alone the problem of f ising the disappearance of the out- 
ward manifestations of the disease, the task would be comparatively sim- 
ple. Even before the advent salvarsan, clinicians usually experienced 
little difficulty in accompb-'iing, in the average case, a marked clinical 
improvement, by employing mercury and iodid of potash. With the 
newer drug the results are often marvelous, inasmuch as under its in- 
fluence the most extensive lesions frequently disappear in an incredibly 
short time, and the patient apparently is quite well. 

It is not difficult, therefore, to understand how even such an illus- 
trious authority as Hutchinson should have regarded mercury as a 
satisfactory and sufficient therapeutic agent. It was not until the dis- 
covery by Bordet and Gengou of the antigen-antibody reaction, and 
its application to sj^philis by Wassermann in 1906, that we possessed a 
scientific means of checking the efficiency of our method of treatment. 
It is not yet fully realized by many clinicians that while this test is 
invaluable in the diagnosis of lues, it finds an equally wide and important 
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w Id of application in following the progr(*sK of the ease after the ding- 
j.esis has been made and treatment has been institutcMl. It was not 
v ithout a considerable degree of concern and even alarm, tlial the med- 
;>al profession was informed by this laboratory procedure that in many 
-ases of so-called cures, the disease was far from Ix-ing eradieated. Ail 
>,iatistics regarding 'jjreatment had thenuipon been rtMiih'i'tnl out t)f date 
,ind to a large extent useless, and tliere was ushered in a new era of 
investigation into the eflfieiency of the various in<‘thu(Is of thcrapv. 

There has appeared since that time a gn'at mass of literature deal- 
ing with the effect of treatment iiimn the strenLith of the !h>rdei-\Vas- 
sennann test. Generally speaking, it is now eoiie.>(li>d that tlie pr.^gress 
of the treatment is gauged most accurately l)y this lest, and a eure is 
not claimed until the tost has been consistently negative for some lime, 
without treatment. So far as these points are eone(>rne(i the <iuestion 
may almost be considered a closed one. The reason for the investi- 
gation here recorded is the fad that many physicians Ix'come very ])essi- 
mistic regarding treatment, after receiving from the lahoratory several 
reports, at reasonable intervals, indicating no ehangi* in the test even 
after prolonged treatment. 

Many cases of syphilis respond readily to In'atment -the symptoms 
disappear, the test becomes negative, ami the patient is in all })rohability 
cured. There ^re, however, a great numlxu* which do not show any 
change in the test, or which do so only after a very long and vigorous 
course of treatment. Out of a large series of cases in tlie special trt'at- 
ment clinic, 43 per cent., under careful treatment, have sliown no change 
in the test. This percentage is startling, and forms the raiaon d'etre of 
this investigation. 

For some time the author has felt that we sliould know what is going 
on in these cases during the period of treatment. Arc they really re- 
ceiving no benefit from the administration of antisypliilitic remedies? 
It seemed reasonable that were one able to make a inon* (hdicate test of 


their sera, a change might be detected, even in these apparently in- 
tractable cases. In examining the literature we found no rei>ort ol such 
Avork having' been done. McIntosh and Fihlcs'’” give one or two pro- 
tocols of cases in whom the sera were titrateil somewliat in the manner 


herein described, but their attention was directed to patients who re- 
spond readily. Craig made dilutions of seriirr) down to O.OJ e.c. in 
untreated cases, every day for a week, and iouml that the strength (ff 
the reaction varied slightly from day to day. But in thi^ main his 
results showed that, with repeated test.s, the variations are m*gligi » e, 
f^ave in cases which apparently did not liave a Aery strong y positive 
test at any time. Such instances in untreated syphilis are 
perience, due to differences in the antigen, or, as sugges < c >> ” * ^ 

to variations in the hemolytic system. The lattei ant lor s ^ . 

remarkably constant. Recently King''*^ reported results of the quanti- 

..u™ t« .ft., tmtin, ,i.h »I.~. I" r"”'™;:"!' 


lauve lest aiier Lrcatinf; .x, W«KSPrmarm 

concludes that little change occurs in t he strength ^ 

reaction during the first five days following the admmistration. 
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also makes the rather general statement that ‘‘some previously li/, 
treated cases may be given prolonged salvarsan therapy with very litr.» 
weakening of the Wassermann reaction/* He adds, however, that tlit 
may show striking improvement clinically. We shall take occasion lo 
discuss these statements after presenting our experiments and the charts 
pertaining thereto. ^ 

For the purpose of this investigation new cases were chosen, i.e.^ 
cases that had never before been treated for syphilis, and they weir 


Fio. 8.— Case K. C. Chart Showing Bordet- Wassermann Test During Treat- 
ment OF Hypiiilis (Secondary). 


Patient 'a 



J.'m 

Pel) 

Feb 


F<‘1 

Afrirch 

April 


R. C Secondary 

2t 0.6 grams liars< AVass. before treatment 4444414 

1 0.6 grams diarsi llg. gr. i., Wass. before this treatment. 44444 10 

19 0.6 grams diarst Wass. before this treatment 4444440 

22 0.6 grams diarseno' Wass. before this treatment 4444410 

26 0.6 grams diars( ’^ass. before this treatment 4444400 

7 0.6 grams diarst Wass. before tl)is treatment 4441000 

21 0,6 grams diarsenol, Wass. before thi.s treatment 4440000 

"^8 OOOOOOO 


taken in the order in v. Jiich they came to the out-patient department of 
the liospital, Tlie number is not large, considering the size of the clinic* 
and the fact that lliey extend over a period of five months, but many 
faetors eome in to disturb an otherwise ideal field. For example, many 
eases have previously received desultory treatment. Many leave the city 
before the investigation is completed. Others find that their clinical 
symptoms clear up, and then, despite the warning of the physician that 
le isease is not yet eradicated, and the visits of the social service 
workers m an endeavor to keep them interested in their own cases, thev 
fad to return. The Wassermann test is made before treatment is begun, 
and then, with few exceptions, every time the patient returns for treat- 
ment, a sample of blood is taken just before the treatment is adminis- 
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red. This means that the majority have a weekly test. The same 
iiigen is used throughout the series.- The serum in all eases is diluted, 
s,, that the small amounts to he used may he aeeurately measui t'd. Seven 
mbes beside the serum control are used fop eaeli ea-^e, and lln^y con- 
tain 0.2 C.C., 0.1 e.c., 0.05 c.c., 0.025 e.e., 0.01 e.e.. O.OOr) e.e., and 0.0025 
o.c. of the patient’s sprum. The control tube contains 0.4 e.e. 

There are 75 cases in the series. Of tliese. .5 are congenital. 10 arc 
ill the primary stage, 24 in the secondary stage, 20 tertiary, and 4 


9, c.\SE P. McT). Chart Showing Bort>kt Wa.^^sfkm.vnn Tk.--t I)i'kin (5 Tkkat- 

MENT OP SYeHlLI.S (SK( 0 M)AK\ ). 


Patient ’s 


scrum 
in c.c. 













0.0025 * 

0.005 
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1 WEEK 











□ 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 

0.6 gram 
diarsenol 


.Tjmu.'i ry 
.Tanu! ry 
Fchni ary 
Pebni ary 
tVhrij ary 
February 
March 
NTareh 
J uue 


17 

24 

1 

7 

19 

21 

13 


P. McD Secondary 

diarsenol, Wass. bet ore treatnieiil 

uiarsenol, Wass. l)et'(*n' Uiis ireatincnt. 
diarsenol, Wass. before this treatment, 
diarscuol, Wass. before this treatment, 
diarsenol, Wass. Indore this treatment, 
diarsenol, Wass. Indore tliis treatment . 
diarsenol, Was.s. before lliis treatment. 

Wass. before tliis treatnn nt 

Wass. before this treatment 


6 grams 
6 grams 
6 grams 
6 grams 
6 grams 
6 grams 
6 grams 
Ilg. Sal., 

Hg. Sal., Wa.ss. before this 


4114141 
4144441) 
4 114100 
4444:tlO 
11 ll.'ioo 
111410" 
);;o(iooo 
:’,'i:!0oo<i 
nooooo 


latent. In 6 the stage is not known.* Tlicsc < o c.«im s 

secutively as they presented themselves at the c inn , n 

exercised in their selection being that they inus ia\( * ■ 

tive Wassermann test to hegin with, and must never ha\ 

for syphilis before. ,, congenital, 

Of the 75 cases, 18 liavehecome negate e. ‘ The 

5 secondary, 4 tertiary, while 1 was a case o 

* Owing to the lack of a clear line 

-f syphilis, the above classification is in(« . . • tlw presence ot a rash. 

“Primary’' means the presence oi a ch.-im-rc. iio^.^tiarv” means the presence of 
^ore throat, mucous patches, condylomata, etc. uri . 

'^ummata, vascular changes, etc. 
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average amount of treatment required to produce these negative tes s 
was five doses, averaging 0.5 grams (8.0 grains) of diarsenol. 

Of the 75 cases, 60 have definitely improved from a serological stan-1- 
point, leaving fifteen unimproved. In analyzing the 15 the author finds 
that only 7 of them had more than two injections of diarsenol; 1 of tlie 
7 had only three injections, while of the 6 remaining, one is a congenital 
case, and 5 are old tertiaries. 

It is impossible to compare our results with those of any other iu- 

Fig. 10.— Case M. L. Chakt Showing Bordet-Wassekmann Test During Thput 
MBNT OP’ Syphilis (Teutiakv). 

Patient 's 



M. L Tertiary 


November 10 Mixed treatment, Wuss. before treatment 4444400 

November 18 6 gr. diarsenol, Wasa. before treatment 4444410 

December 11 6 gr. diarsenol -f* Hg. Sal. gr. iss, Wass. before this treat- 

T . XT 4444000 

January 4 Hg. Sal. gr. i, Wass. before this treatment 4444000 

April 18 Ilg. Sal. gr. i, Wass. before this treatment 4410000 


vestigator, because of the of parallel experiments. King probably 
comes the nearest to or,r field of work, but he observed his cases over 
a very short period of time— five days. He concludes that very little 
change occurs in the strength of the Wassermann test as the result of 
a dose of salvarsan. In looking over his protocols we find ^that three 
cases out of twenty show a definite weakening of the test, and while 
ours show a higlier percentage than this, we agree to a certain extent 
with his contention that it takes more tlian one dose to produce a mailted 
effect on the alexin-fixing substances. It was a serious mistake at the 
beginning of salvarsan therapy to assert that one dose, or at the most 
two, would be sufficient to cure. It is not surprising to find the laity 
reluctant to discard this liope, in view of the fact that the symptoms 
and lesions often clear up rapidly. But that many of the profession 
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,iU)uld also be slow to acknowledjro its fallacy is indood a matter for 
( ijicern, for it is surprising how many still treat syphilis without calling 
in the aid of the laboratory to ascertain the iirogress of the ease. 

The charts are shown with the view of inipi-essing upon our minds 
1 ],e optimistic outlook in treating syphilis. What we wish sj^eeially to 
bring out is the fact that in nearly every ease, loinj before the ordi- 
nary Wassermann test show^s any sign of being atT<*eted by tlie treat- 
ment, the more delicate titration of the serum hert*in described gives 
unquestionable evidence of benefit. This is well sluovn in a gnrphie 
manner in the charts appended. These charts are tvpe east‘s, and serve 
to illustrate our contentions in a much less laborious manner than that 
of writing out in full the experiments undertaken. Resides the charts, 
there are several examples of actual protocols. These are inelnd<‘d not 
so much because they are essential to llie full report of a ease, as heeanse 
they serve to illustrate our melliod of recording the strengtli of the lest 
hy figures representing the degree of inhiliition of hem(»lysis. 

Among the cases wdiich have not r(‘sponde<l tt> l)ii‘ treatment, there 
seems to be no real cause for pessimism, save in a very few instances of 
long-standing tertiarics. Even these may show decided improvimieiit 
before the treatment is abandoned. Xone of tliem have* lia«l more than 
eight doses of diarsenol, and there are very few clinicians win* would 
consider that number a fair test of a them pent ie measure. This view 
is based on practical experience, for we have s(*en many ins1aiiet*> where 
the patient required more than tw'cnty doses to ]>r(Klnee a eliange in 
the Wassermann test. 
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FOCAL INFK(’T1()\S 
By Joseph S. Evans, M.D. 
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INTRODUCTORY 


The term focal infeefion does not define a elinieal entity Imt rather 
describes the bactoriolo-deal. ,.a(holosieal, an,! ehea.ind 
volved in the invasion and Idealization of 

The ctiologie relation of pathogeiue haetena to inleetnms ■ 

loeal and general, has been definitely establish. t e 

bacteriology, while the more carefnl .‘.nir.linat am of I 

and laboratory experimentation during reeen lorali/ed 

of the mechanism of such infectious processes an.l the relation .d lo, 

infections to systemie diseases. . , 

A toe., of i- wi. 

microorganisms multiply within the 1i.^ ■. j i„f,.,.tion. 

zation in the tissues that it is spoken o . s < , ,„.,)i-.-ss has 

III other woriis, it is the point at wliieh a < i i" ' |,x,,erinieiifally. is 

been established and, as has been shown <• in . . ^ ^ 

j the tiodv. A foens of 

.ws 


a region in which agencies arise ^ 

runction and structure of any ‘”'1^**'’, ' f tp,. viandpoint of the 

infection may be either ' 

iocal pathological process, or t 
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of duration. It may exist with or without demonstrable local or systeni.c 
disturbances. In order properly to diagnose the existence of a focus . f 
infection, to determine its etiologic relation to an existing local or sy s- 
temic disease and to apply rational therapeutic measures, it is necessai y 
to understand the factors involved in the defense of the body again t 
primary bacterial invasion and against such infecting agents subsequent 
to invasion. 


DEFENSES OF THE BODY AGAINST BACTERIAL INVASION 

These are primary and secondary. The primary defense depends 
upon the integrity of the epithelium of the skin and mucous membrane 
and the chemical nature of the surface fluids. The secondary defenses 
reside in the cells of the deeper tissues and the intercellular fluids includ- 
ing the lymph and the blood. The white blood -corpuscles and the tissues 
of the lymphatic glands seem to be especially concerned in these defenses. 
In part the cells react hy ingesting and digesting invading microorgan- 
isms, a subjec^t first developed by Metehnikoff under the term “phag- 
ocytosis.” In part the defenses arc made manifest by biochemical re- 
actions.^the production of various types of ‘"antibodies” such as “anti- 
toxins,” “bacterieidius” and the like, which are more fully described 
in the section on Immunology. In part tlie defenses are manifested by 
tissue production designed to “wall off.” 

Primary Defenses.— The presence of a bacterial flora on the surface 
ot the skin ami the inueous menibranes, even though the latter may line 
an inner cavity iif tlie body, is not an infection of the body. The presence 
ot the varieil forms of pathogenie mieroiirganisms in the nasal and 
oral eavites does not necessarily mean that an infection exists. It i.s 
only when the integrity of the epithelium is destroyed, thereby permit- 
ting invasion by those organisms, that infection occurs. The integrity 
ot the epithelium depemls not alone upon it.s structural continuity but 
upon the normal ph.vsiologieal ..inction of the eon.stitnent cells. The 
tZn^T Kleeki-that microorganisms may pass 

th % apparently ml,, t intestinal mucosa— and of Wood— that 

nnalterl't’*’' r" ‘'T’- ‘''f ef the tonsil through liviim 

ones io.?\f It'* "r rrypts— are based entirely upon the 

Hum T ! fm.t!r ”“'7 integrity of the epithe- 

function of* fl ^ vec in the maintenance of normal physiological 
function ot the cell, as far as is known, are those concerned in the gen- 
eral problem of cnxymic activity. B„rge has shown tliat the epithelial 

olr^Trt'ion “ n (f''™™t««ve) action especially in its 

irthe nroAictif the role played by ferments 
the nrohahle ret T " '^^itinty against pathogenic bacteria indicates 
Iltnif r I'”* ^Pith^lial cell to resistance 

eoXlhi^fre"' of the surface 

SuTHkeT '‘•‘’7- “I*”’ ’’y the chemical nature of the sur- 
tace fluid, like the acid urine in the bladder. 
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Portals op ENTRY.—When a break in the inte-ritv of the epithelium 
,,llier anatomical or physiological, occurs, it is spoken of as n norfaf of 
^atry. A portal of entry may occur at any place in the skiti or in anv 
of the mucous membranes, such as that of the cyi‘, of the mitldle ear of 
the respiratory, digestive and genito-urinary tracts, hut the fivuneilcy <»f 
such invasion depeilds upon factors whicli are of iini>ortance in the 
determination of the probable localization of ati infection, sinc(‘ it is at 
or near such points of entrance that primary foeali/.at ion (tccurs. 

The factors involved in the development of ])orta1s of e»itry are: 
(1) degree of structural and funetional resislancM' of t)ie protecting 
integument; (2) frequency, extent and duratio!i of (‘\i)osnre to infeeL 
ing agents; (3) frequency, extent and duration of cxp(.snre to mechan- 
ical trauma; (4) the nature and the nnmher of the bacteria to wliich 
the surface is exposed, as a factor in physioloirieal tranma: factors 

favoring the development of bacteria, both in nnmher. degree' of viru- 
lence, and specific pathogenicity (temperature, moisture, food ami oxy- 
gen supply, and tissue reaction). 

The degree of structural and physiological resistance is greater in 
the skin than in the mucous membrane, due to added protect i«»n of the 
corium and to the cornification of the epithelium. The f retjiieney, extent, 
and duration of exposure to infecting agents ami to mechanical tra\imn 
is greater in the mucous membrane surfaces. Tlie pliysiologieal trau- 
matization of the epithelial cell apparently is more comimm in tlic* 
mucous membrane as evidenced by the incidenee of invasion. It may be 
a part of a general decrease in body resistance or, as has been sug- 
gested, a lowering of the functional activity of tlie local cell hy the 
specific invasive property of the bacteria upon its surfac(‘. It is recog- 
nized that the Treponema pallidum may invade tlie uninjured mneouH 
membrane of the lip and that the goiujcoccns may invade* the mucous 
membrane of the conjunctivffi, while these memhranes are particularly 
resistant to other infections. This evidence of sixTific invasive* pr<M>eTty 


of bacteria, therefore, may be an important faeten- in eh'creasing ee-llular 
resistance by disturbing the balance of cell melaholisin. The invasive? 
property of bacteria apparently is not depemlent mx'e'ssarily u|)e»n the* 
degree of virulence. Virulent organisms usually elo invade* ami ovejrceunc 


the resistance of the cell with great rapidity, hnt at time*s such eerganisms 
may lie on mucous mombra/ie and skin surfaces without e*vidf*nee of 
disturbances of cellular activity. On the* eetiier liand, avirnle'iit miere)- 
organisms may invade apparently neermal preetecfjiig ee*lls. prndne*ing 
f^econdary lesions in the body without evidence of increasing their viru- 
lence to animals, though the specific tissue pat hogem icily of siich eu'gan- 
isms may be more or less constant. This is wf*ll illustiated h\ t i< stue les 
of Schottmuller, Billings and Rosenow in chronic infeedieuis ene 
which they found to be due to a stre*])te)eM)ee*us eif sue i fo' ^”’*^**^ 
that animal experimentation was difficult, hut with a speci c pa o 
o ity in the production of endocardial h*siems. 

The optimum conditions for the numerical warm, moist 

^nent of special characteristics in bacteria exjs 


VoL. I.— 20. 
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cavities of the body lined by mucous membrane. Therefore, the factr -s 
favoring the entrance of pathogenic microorganisms are especially frv. 
quent in the upper respiratory and upper digestive tracts. Clinic- d 
experience shows that nasal and throat infections are the predominaiit 
infections of young adult life. In a study of the morbidity of youiijr 
adults at the University of Wisconsin, in 3,900 instances clearly defined 
evidence of acute bacterial invasion was noted. Of these, 57 per ceni. 
were nasal, 22 pc^r cent, tonsillar, 17 per cent, oral, 2.75 per cent, skin, 
1 per cent, genito-urinary and .25 per cent. anal. 

While such a relative incidence of invasion might not obtain in u 
group of individuals living under different social, moral and hygienic 
conditions, and at a different age period of life, it does illustrate the great 
preponderance of nasal, pharyngeal and oral infections. Relative inci- 
dence of invasion does not determine necessarily the relative incidence 
of focalization in a corresponding region, but focalization is apt to take 
place at or near the portal of entry. It is important to recognize these 
facts clinically, for it is during childhood and young adult life that 
prophylactic measures are necessary if we are to prevent those progres- 
sive degenerative clianges that manifest themselves after middle life as 
the result of previous invasion and focalization of pathogenic bacteria. 

Secondary Defenses.—Following the primary invasion of bacteria 
the secondary defenses are called upon to protect the bodv. These de- 
f ernes as already pointed out, are chemical, hiochcmicarand morpho- 
ogical, brought into play by the process of inflammation. The invadin^^ 
opBanisms probably are first antagotiized by the chemical action of the 
bothTo the'’-”"!*^^- " tissue reaction occurs in response 

cS bv h C " stimulation of the 

Sotoxi i anrtTs^ TT ebemotaxis of most bacterial 

of in!S tl.eJeuk«cytes, lymphocytes an,l tissue cells to the site 

secondary defenses of the l/T ® defect in the 

may occur. secondary invasion or a primary focalization 

It. » o«pll»..Ilr hish .n.! 
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the tissues are unable to ovorooTiie Uiv vims.*' Siu-h inr.Ttions are 
fi ([iiently seen during the pucrporium and in snidi virulent str<’pto«‘oc- 
(<ir jiifections as th( milk~boriie epidiuiiics (h'st'nht'd by various authors,* 
In the puerperal infections, the h'sseniul body resist auee is usually the 
predominant factor. The bacterial invasion* jirolndily usually occurs 
through a break in th*e structural integrity of ilu* protect ivt' covering of 
the gciiito-urinary tract, but there are sonn* instanecs in ^^hieh a pr<’vious 
low grade baetcriemia, arising from a persistent foens of infection tdse- 
where in the body, has been the undcu-lying (‘anse of iln^ puerp<u-al 
sepsis, the baeteria finally lodging in the injured tissues of the genital 
tract, gaining increased virulence and overeoniing the geinu-al tl('fenses 
of the body. In the milk infections, the fulminating inb'etions probably 
depend most frequently upon tbe extreme vinilenee, pathogenieiiy and 
invasive property of streptoeoeei grown in milk eitlier from human sonvee 
or from a mastitis. 

When the body resistance is more nearly proportionate to the deirree 
of virulence of the infecting agent, there arises an anifr tuft rt ion in 
which while at first the tissues lack fliat degriM* of r(‘sistanee necessary 
to completely destroy the microorganisms, tiny an* stimnlate<l by the 
infection and eventually neutralize the effeets of the bacteria and their 
toxins. Such sqlf-limiting diseases as the acute exanthemata, pneu- 
monia, and typholid fever, are examples of this type of invasion. It 
is of clinical importance to bear in mind, however, that though the re- 
action of the tissues may overcome the general acute in feet ion, tlic tissue.s 
themselves may, in many instances, develop a peculiar sensiliveness to 
mfeetion which predisposes to the invasion and hiealization of less 
virulent bacteria. This is evidence of a defect in the bio(*hemienl de- 
fenses which permits circumscription. 

Whenever the morphological and chemical defenses of the bo(ty 
possess a higher degree of potency than the d(‘gree of vinileriei? of the 
invading microorganisms, either the latter are entirely destroyed or are 
localized in a circumscribed area of tissue, a forns of infrriwn. For- 
tunately, the former is the common occurrence, for the destru(*lion of 
the integrity of the protecting integument is so frecpient, that the inci- 
dence of invasion is out of all proportion to the incidence of focalization. 
At the same time with the development of methods of pi’ccision in 
diagnosis, especially in the use of the .r-ray, the imudfiicc of localized 
infection is found to be far greater than the incidence of gern-ral 
infection or of demonstrable systemic distnrhances secondary to that 
infection. 


LOCALIZATION OF INVADING BACTERIA 

The localization of pathogenic baeteria in the bod> (lcp(nds\ as cd 
^'f^ady stated, upon the secondary defenses ot the )o< v. 
the lymphatics, and those indefinite ch(‘mical ‘ ‘ 

the cells and fluids of the body to counteract discase-jirodunng 

•Capps and Miller; Davis; Hamburger; Henika; Romjka. . 
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There are two stages of localization : first, the primary focalization, which 
occurs at or near the point of entry, and second, the secondary focal na- 
tion, which may occur at any tissue or organ of the body. Secoridury 
focalization may occur by invasion or localization in the lymphalii^s 
lymphogenous focalization, or by invasion of the blood- vascular syslom 
and localization in any tissue supplied by that system, hematogenous 
focalization. 

Primary Focalization 


Types of Invading Organisms.— Primary focalization depends upon 
the immediate localizatiofi of invading bacteria in the tissues at or nojir 
the point of entry. These infecting agents may be of any type. The 
Bacillus tuberculosis, the Treponema pallidum, the Bacillus typhosus, the 
Bacillus coli communis, the members of the streptococcus-pneumococcus 
group, tlie Micrococcus pyogenes, the Micrococcus catarrhalis, the Bacll 
Ins influenza' and the diphtheroid organisms are the most frequent 
etiologic agents cneountered in focal infections, but any form of path- 
ogenic ba(‘teria may produce lesions, both primary and secondary, that 
are focal in charaedcr. In this chapter, however, it is mainly to the 
members of the streptoeocciis-pneumococcus ami diphtheroid groups that 
special consideration will he given in the study of this problem 

Nation of Primary Focal Infection to Local and Systemic Diseases. 

“J hat toci of nife(*lion in the body have an etiologic relation to sys- 
temic diseases has been established by abundant clinical and experi- 
mental evidence. Many of the diseases formerly considered to be due 
to metabolic faults and classified as “constitutional disturbances” due 
to some diathesis” or -dyscrasia,” have been proved to be due to 
inieetions. 


n. lo a focalized infection may be cither immediate 

or remote, and tlie pathological processes either acute or chronic. Tlie 
oeeurrcnce and character of the secondary manifestations depend upon : 
taii ''““'''PI-, virnleuec and speeifle pathogeiiieity of the bacteria con- 
iefll h ’ *” ^ 'fos^ee of tension in the focus due to meclian- 

foenf * ’ (3) the degree of vascularity of the 


located ''’'•uifnt pathogenic bacteria so 

with 11 1 , ""I ^'‘"‘Pleteiy obstructed- 

m 1 in vasi ularity caused by new loops of blood-vessels thrown 

the mnrnhni^''" '"'i 'f # ™porfect Wall thrown up bv 

the morphological defenses of the body-produce immediate and acute 

. ion ary sys emic manifestations; the reverse conditions existing, re- 
mote and chronic conditions arise. 

Immediate acute manifestations are readily recognized as being re- 
lated to tlm primary invasion of an infecting agent, provided the ^th- 
olo^ of the secondary lesion is understood. The relation of acute ton- 

11« t v 1 ' simple endocarditis has been gen- 

erally reco^ized, since the original communication of Poynton anJ 
Paine, and is an example of the acute manifestations arising teimediatc 
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to lonsillar focalization. Recent laboratory evidence and clinical obser^ 
vafion has established the infectious -character of manv other acute 
di.'^cases and their direct relation to preexistiiur f(»ei of infeetic.n. Tliese 
eoisditions will be discussed later individually. 

The relation of persistent foci of infe(?tion to sec(ui<lary chronic 
systemic manifestations and to the pre<lis])osii ion to r(‘(Mirreni acute 
systemic diseases is not so generally uinhTslood or acceptt‘d. A focus 
of infection may and does frecpiently persist without pn..!uein«r <Mther 
noticeable local or general symptoms, but such foci are always s(mrces 
of potential danger not only from the standpoint of fnrtlier bnclerial 
invasion but from the standpoint of the disturbance of tlie stability of 
the defenses of the body against infection in general. 

It is probable that such foci in some instfinces increase tin' natural 
immunity of the individual against bacterial invasion in a manner sim- 
ilar to the reaction produced by the injection of <lead })ac1eria as a 
])rophylaxis against disease, for example, ]>ro])liy]ae1 ie typ1w)id inocula- 
tion. Immunization with specific foreign protein, luovever, d(‘]>ends 
mainly upon the introduction of the proper amount to ]n-oduee a ‘'p(>si- 
tivc phase’^ reaction. In the more acute types (tf localized infect irm such 
a reaction may take place, but in the lower grade of infections it is 
more probable that the endotoxins, either a})sorl>(‘d from tlic focus itself 
or produced in the blood system by tlic destruction of non-virul<’ut or- 
ganisms which have invaded it, cause a particular sensitization of the 
tissues that predisposes to a lessened resistance airainst haeterial in- 
vasion, a tissue hypersusceptibility. This tissue reaction may he closely 
related to Wright’s “negative phase,” but no such determination has 
as yet been made. 

The experimental studies * with anaphylaxis sliow Diat foreign protein 
introduced into the body parent erally is split ny) by enzymic action 
and that the products of cleavage stimulate the cells 1(» overproduction of 
enzymes. Such a mechanism implies hyymrsnsccptibility. (Minical ob- 
servations * * as to the etiologic relation of foci f)f infect i»m to anaphylac- 
tic reactions show that the bacterial endotoxins invading tlie system from 
a confined area of infected tissue act in a similar manner in causing 
a specific tissue hypersusceptibility. 

The hypersusccptibility to acute infectious following the artificial 
introduction of bacterial endotoxins is suggested l)y a r<*cent personal 
observation. In a unit of 400 men there occurred an epidemic of throat 
infection due to the Streptococcus he mot iff ic as, fivo days following tl>e 
administration of prophylactic typhoid vaccim*. One hundred anc 
Oghty-eight of these men manifested systemic reaction to the slrcptococ- 
eus infection during a period of 30 liours. Tin* incidcm'c of t iis |u.ut( 
infection was 22 times greater in tln»se individuals receiving prop ly ar. ic 
injections of foreign protein than in those, li^ing uik <r sum ar c uu i 
lions, who did not receive such treatment. 

jt , V nnd Ancler'^eii ‘ T'lM’eUJilfl 

Auer and Lewis; Jobling; Longcopo; Paris, no 

**Meltzer; Vaughan; von Pirquet; Woit. 
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A similar hypersusceptibility probably occurs as a part of he 
process of the body reaction against an acute infectious disease, wL.ch 
predisposes to bacterial invasion from persistent foci of infection of i ,w 
virulence. In scarlet fever, for example, the Streptococcus hemolyhcn, 
is found invading the mucosa of the nasopharynx, as shown by Anthiiiiy 
and by Tuiinicliffe. The same organism may be, demonstrated in ilio 
immediate lesions complicating the fulminating type of the infection. 
When normal tissue reaction occurs, the general infection is overcome 
and there is a critical subsidence of symptoms, the patient being in 
the state of convalescence. There frequently occurs, however, some- 
times during convalescence and sometimes even weeks and months after 
apparently complete recovery, those complications which make this one 
of the serious diseases of life. Simple vegetative endocarditis ami 
nej)liri1is are common late se(|uela\ as well as frequent complications 
during the period of generalized infection. It has been noted, however, 
that when general infection subsides there is apt to be a subsidence of 
the endocardial and kidney infections that have occurred during the 
course of the disease. This is not true, however, when these conditions 
occur as se({uela 3 . It is interesting to note that while the Streptococcus 
hemofytiens is in some way associated with the immediate acute mani- 
festations of scarlet fever it is the Streptococcus viridans^ an organism 
of less virulence, which is the type isolated from the late lesions 
occurring in the endocardium and in the kidney. Whatever the actual 


])rocess involved may be, this common clinical experience indicates the 
importance of definilely determining the presence of latent infections 
following these acute invasions and of carefully removing them whenever 
possible. i\s long as a suppurative otitis media, a tonsillitis, an adenitis, 
or a low grade inflarnmatiijii of the accessory sinuses of the nose persists, 
following scarlet fever or any of the other acute infections, the patient 
is menaced by the possibility of secondary complications. 

That individuals harboring clironic foci of infection are similarly 
ficnsitized and less resistant to acute infectious diseases during young 
adult life lias also been the L.,perience of the author. In obser\dng 
the morbidity incidence in over 23,000 adults during the past eight years 
it was noted that the ineid^’- e of acute invasion by bacteria, as evidenced 
by the epidemic form • f pyogenic infections of the upper respiratory 
and u]q)er digestive tr:*cts, was greater in those individuals who exhibited 
evidences of a ])ersislent low grade infection of the nasal accesvsoiy 
..inuses or of the tonsils than was the incidence of similar infection in 
those individuals free from such persistent nasal and throat infections. 
It w’as also observed in those individuals in whom such persistent infec- 
tions were subscipiently corrected that the incidence of acute bacterial 
infections was diminished. Crowe’s observations support this experi 
ence. He observes that patients with tonsils damaged by previous infer 
tioii or partial operation are more apt to have systemic disturbances fol- 
lowing either an acute or chronic tonsillitis than are those with appar- 
ently normal tonsils. 


In this regard it is also interesting to note the observations of Iroii'^ 
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,ud Marine at Camp Custer in the ^v-inter of 1917-1918 as evitlence not 
( {ily of the sensitization of tissues hy previous l)aeterial infection but of 
t'le apparent development of specific tissue alhuitv on tin* part of 
bacteria. During December, 1917, there were twc/luimlred cases of 
joeasles and fifty cases of rubella in the base liospital. Only three eases 
<lcveloped secondary^ complications, otitis n,.*rlia. Late in December and 
early in January, nose and throat infections ]).‘eanie i>revahMit through- 
out the cantonment in the form, of colds, acute bi’onelutis, jtharyngitis 
and tonsillitis. Following this period of aeute infections of the upper 
respiratory and upper digestive tracts, thos** pati(‘nts with measles, as 
well as those with other acute infectious, developed serious ami fi c(|ucntly 
fatal complications involving especially iTifeeti(ms of th(‘ serous mem- 
hranes. Alexander reported somewliat similar observations from Camp 
Zachary Taylor during the same period. 

These instances which are clinical evidences of the developmefit of 
lessened resistance, due to protein sensitization hy bacterial endotoxins, 
have been substantiated by the laboratory experiments of Kos<‘now which 
were later confirmed by Davis, who showed tliat (extracts of the Strep- 
tococcus kemolyticus sensitized guinea pigs to extracts of pneumococcus 
and Streptococcus mucosns, and vice versa. They also sugg(*si that tliis 
continued sensitization of tissue hy the endotoxins is one of tlu* iiriportant 


factors governing the development, in situ, of specific pathogenic affinity 
on the part of bacteria confined in foci of inf«‘('tion. 

Mode of Dissemination of Bacteria from Fooi of Infection. Ah 
has just been pointed out, primary foci jnay infinence lie* general 
powers of body resistance without giving rise to any well-marked sec- 
ondary bacterial invasion of the body. Pn‘(iucntly, how(«ver, haederia, 
from the primary focus get into the lymph or blood streams and tlc*n 
are transferred to other regions of the body where again they may he 
localized, giving rise to secondary foci of infection. 

As the lymphatics play an important r7h^ in the deicTisivc mechanism 
against infection, the incidence of nvMritooKNors invasion is high. In 
Ihe majority of cases, however, the invading bacteria are ovcr<*oTne in 
tlio lymphatic system. In other iiislanees, the organisms hccome Io<*ali/,eil 
in a lymph node and then play the same rdl<* as does the primary fo<*ns 
at the point of entry. Therefore, the prevalence of (diologic lyjuph node 
infection is relatively common. When the virulence* of the organism is 
high as compared to the general resistance oi tlu* body, tnrtluu invasion 
may occur by extension through the lymph channels into t o* » ooi 
stream. There is also some evidence that lymphatic invasion tak<*s pla.*c 
against the normal direction of the lymj)h current. 
togenous invasion through the lymph channels is see n in “ 
Streptococcus infections of the subeutaiieeiiis tissues assoeia 
lymphangitis, lymphadenitis, with rapid invasion o ^ . . 1 . ’ 

m.d the prod;c4n of multiple soeon.lary 
Lymphatic infection is not tl,e blood 

primary focus, but may occur secondary to 



312 


FOCAL INFECTIONS 


system, the lodging of bacteria in the lymphatic gland being the resv u 

of hematogenous metastasis. ^ . 

The HEMATOGENOUS invasion from the primary focus is the mf> i 
frequent tvpe, according to the evidence at hand from laboratory experi. 
ments. As previously stated, the pathological process involved in tic- 
primary “walling off” of the invading bacteria predisposes to this type 
of invasion. The new loops of blood-vessels forming the increase,! 
vascularity to supply the cellular tissue attracted to the^ point of in- 
vasion bv the Dositive chemotaxis of the bacteria and their endotoxins 



Fiq. 1, A. — Granuloma from Root op Tooth, Showing the Dense Fibrous Wali 

Surrounding the J’oint of Infection («) Which Lies Close to Newly Formei 

Capillaries at Its Apex (b). 

Protoction ajjainst conti^iums invasion is well developed, but the proximity oi 
tho infected region to the blootl-vessels predisposes to invasion through the blood 
vascular system (E. C. Roseiiow. G ^ni-Weigert stain). 

are thin-walled jand peruioable upon increased tension. This fact is well 
illustrated 1, •vvbieli shows a dental granuloma containing s 

persistent focus of infoi'tion. Wliilc such a granuloma gives local pro- 
tection from direct extension to contiguous tissues, because of the thici 
wall of fibrous tissue, it differs from the granulation tissue of the 
healing by second intention in that the leukocytic defenses have failed 
It may be, therefore, that the inadequate drainage in such a confined 
area of infection predisposes to invasion of the newly formed blood-ves 
sels that supply this inflammatory tissue, because the leukocytes withir 
the capillary loops fail to overcome the invading bacteria. In thii 
figure the nest of streptococci is seen surrounding the blood-vessel. Th( 
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(flick fibrous, wall gives ample protection to the surroiiiklin<^ tissues so 
that if drainage does occur it must be through the blood-^vaseular or 
lymph- vascular systems. It is, therefore, seen that while {?rainilation tis- 
sue forms a protecting wall between infruted and non-infected tissue 
its newly formed vascular supply is a point of least resistance. 

Hematogenous invasion is embolic in eharaetcr. The ynading or 
ganisms circulate through the blood-vascnlar system in a manner similar 
to the organic emboli thrown off from a thrombus or vegetation and are 
carried to the terminal branches of that system. If They are in suf- 



Fia. 1, B. — PiioTOMicRooKAi’ii Riiowino Mass of SruKi’TOf orn i.\’ Area a or 
Fig. 1, A (E, C. Kosenow. (Jr.'iiii \V' 


ficient number and possess a eertain (piality of vinileiici', they lodge in 
the tissues producing an anatomical reaetion similar to ll)at which 
occurs at the primary point of ontranec. In orii/r licmatogcnous invasion 
the bacteria invade the tissue directly from tlic blood slT'cam and set 


op an acute inflammatory process, but in chrome secondary focalization 
the process is similar to emboli.sm with infarction. Tlic primaiy re- 
action of chronic secondary focalization is an endothelial prolifera- 
tion of the intima of the blood-vessels followed by a triangular area 
of hemorrhage secondary to the blocking of the lilood-vessels. The 
bacteria lodge in this hemorrhagic area and through their positive ehemo- 
tactic influence attract the leukocytes and efidothclial cells. There is 
experimental evidence that bacteria invading tin* tissue in this manner 
^ire apt to undergo lysis, the endotoxins eansing tissue nm 

proliferative fibrosis. This is the type of prmjss ^ 

^he chronic forms of arthritis where a primary focus o in 
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fitantly feeding the periarticular tissues, the fibroid changes progress: jo 
as the result of continued invasion and lysis of the bacteria with s 
ondary tissue irritation. Adami describes this process as “subinf o 
tion.’» 


Secondary Focalization 

Site of Secondary Focalization.— The point at which secondary 
focalization occurs depends upon the following factors: (1) The lack 
of localized resistance due to deficient blood supply, trauma, and factors 
governing individual predisposition and localized sensitization; (2) the 
specific elective tissue affinity of bacteria. 

There is no doubt but that the lack of resistance is an important 
factor in the occurrence of any infection. Exposure to cold, over-fatigue 
and starvation have long been recognized as important factors predis’ 
posing to general infection. The lessened resistance accompanying these 
Tn’thl*"”’ upon circulatory and metabolic conges. 

the midrof'Tt "f infections in certain tissues as 

tne mult of metastasis through the blood-vascular system a lack of 

SS hfr: The hUIncllenet „1 

childhood such as ® retrograde metamorphosis after 

'S Esf “ f »”.VS 

S ■ Hi 

m tlioso structures in which thi> w ^ sensitive to oxygen, localize 

l-roup of lorn, h.„ >«•'» Wooemg to tbo 

jnst mentionern'^t oniron ^he structures 

anatomical defect but its-, fh lessened resistance due to an 

of the organisms rtt;es of 

..iz“ o' » "»“ >» 
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intravenous injection of a pathogLirmrern”*^ Produced by the 

wbn, I. t.iu ,0 foSToLS” 



LOCALIZATION OP INVADING DAf TKKlA ;n,-, 

..-[tecies. Our ignorance of the causes of such \-arintioiis is eoiicculed 
under the term ^‘differences in vitality.” 

Local sensitization of tissues may be classified as a form of trau* 
inatism. Its relation to focalizatioii is important. Tliat s(Misitization of 
tissues to bacterial invasion plays an important role in speeitie loealiza* 
lion was shown by Faber, who found that, eitlier by repeated intravenous 
injections of streptococci of attenuated virnleneeOr by the injeetion of 
killed streptococci into the joint cavity, be was able t(» siuisitizo the 
synovial membrane so that a subsequent intravenous injeetion of livinsj 
streptococci of the same strain prave rise to a definite arthritis. The 
Studies on forcifyn protein sensitization and anajiliylaxis already referred 
to also suggest a general lowered resistance or liypersuseeptibility. 
Localized sensitization probably occurs in a similar maniuM-, as the result 
of previous infection in a given tissue or as the result (.f constant 
stimulation of such tissue hy the endotoxins of tlie bacteria of specific 
pathogenicity confined either in the primary focus or in Die ti,ssm*s 
themselves. While these factor.s governing lessened resistance ])lay an 
important rfde in bacterial invasion, the specific localization at a p(unt 
distant from the primary focus apparently depends upon some special 
property of the bacteria themselves. Bacfericiuia occurs at some time 
during the course of pneumonia and ty])lioid fever and yei in Die fonmu* 
the usual localization is in the lung while iu tlie latter the characteris- 
tic lesion is ini the lymphoid follicles of the intestines. Tlie isolation of 
streptococci from tlie blood in acute rheumatic fever is evidence of a 
generalized blood infection but Die lesions are usually confined to Die 
serous membranes alone. Tn a case exhibiting skin and glandular mani- 
festations simulating syphilis, reported by fSl(‘ngel, AVhifc and Evans, 
a streptococcus was isolated from tlie blood and from a tonsillar focus 
of infection, yet there were no other deinonstrahie lesions than tiiose 
of the skin and the glands. These clinical illiisl rat ions strongly suggest 
the develojimeiit of a specific elective affinity of iiacteria for certain tis- 
sues under predisposing conditions. 

That organisms may lose this specific tissue patliogciiieity and .still 
persist in the circulating blood (which is cvid<MH*e tliaf they are j>ath- 
ogenic invaders) without producing noticeabh' lesions, was noted in this 
case simulating syphilis following the .snhsi<leneo of the skin and glan- 
dular manifestations and has been reported hy others iu cases in wliich 
the articular manifestations in rheumatic fever liave di.sappeareil. Such 
a chronic Zuicfenemiu- suggests that predis])osiiig iaetors not only f>ro- 
duce lessened local resistance but permit the organisms to develop cer- 
tain specific characteristics as rcganls localization in tissues. 

Specific Elective Tissue Affinity of Bacteria. -That haedena develop 
a specific tissue affinity was established by the experiment of h orssner 
in 1902, when, by cultivating streptococci showing no 
icity for the kidney in kidney tis.sue and kidney 'L'fr r kidnev 

demonstrate that such microorganisms develop specia a mi > ^^-rrans 
tissue when injected intravenously into artificial 

were subsequently isolated from the kidnei ant ^ > 
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media they soon lost this special affinity for the kidney. In 190! . 
Billings and Rosenow in studying chronic infectious endocarditis mad* 
observations which indicated that the elective affinty of the strep 
tococcus-pneumococcus group was dependent upon the transmutabilitv 
of the members of this group. The original cultures from the eleveii 
cases of chronic infectious endocarditis were the Streptococcus viridan.i 
or mitior as described previously by Schottmuller. * Owing to the low 
degree of virulence exhibited in animals by this organism, it was neces- 


sary to increase its virulence by various cultural methods and animal 
inoculation with successive strains, with the final result that there was 
developed an organism of high degree of virulence with the cultural and 
pathogenic characteristics of the pneumococcus. They reported their 
results as indicating that the pneumococcus was the etiologic factor in 
chronic infectious endocarditis. It is interesting to note the somewhat 
sunilar experience of Poynton and Paine in their studies on the etiology 
of rheumatic fever. These authors isolated the diplococcus from patients 
with rheumatic fever, this producing, when injected in rabbits, imme- 
diately after isolation, an acute non-suppurative arthritis and simple 
endocarditis, but, when injected after months of subculturing, producin'^ 
a malignant endocarditis. Prom the simple endocarditis they were 
unahJe to regain the microorganism, while from the malignant endocar- 
ditis positive cultures were obtained. These authors concluded that the 

simple or malignant endocarditis. Rosenow, however, concluded that in 

oi^ciUturn] organism which, because 

cLll? f passage, had changed its form, cultural 

XLm pathogenicity for animals. 
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Fig. 2. — Chart | Showing Position of Vauioi^s Memukks of thr Rtkeptix'oi cvs 
Pneumococcus Group as Regards ViurLEScE, Sensitiveness to (ixvoen, and 
Reaction upon Blood Aqaii on Isolation, and the I*HOH.\ni.E 1 ’osition as 
Regards Transmutation of Forms Based on the Fxj’Krimental Work or 
Rosenow. 

The equatorial line separates the organisms according to (h'Rrec of vjruh*nr»> and 
sensitiveness to oxygen. The polar line separates the organisms aceor»ling K* retu* 
tion on lilood agar, the green-producing forms heoig on tiie left, tlie hemolyzing 
forms being on the right, the gray and indifferent forms occupying a positi«m !»(-fween 
the two groups. The arrows on the eireumfrrencQ indicate the changes jn degree of 
virulence and oxygen-sensitiveness. Experimentally the following ehanges in form 
have been noted; * ‘Retrogressive” mutation: (a) From the Pnrumororrvtt murosuM. 
at the upper left-hand side, down through the juieumocoeeic group to the A7 jv/Ho- 
coccus viridans, at the lower left-hand side (in vitro), (h) From the Str< ptovocevH 
hemolyticus on the right-hand side down through the indifferent torniH to the Ntnp- 
tococcua viridans on the lower left-hand side {in ntroj. “Progressive mutation”: 
(a) From the Streptococcus viridans through the pneumoeoeeic group to the 
Coccus mucosus (by unlninl passage), (h) From the Strcptocorrii.s hrmofiftu'us to 
the Streptococcus mucosus at the U 2 »])er right hand side ihy animal pa'-sagi'i. 

The position of the diseases within the circle indicates roughly the relation of 
these diseases to the underlying type of pathogenic organism designated by tie* small 
circle on the circumferenee. This grouping must not be taken to be noire than a 
rough approximation. For example, the type of organism UMially causing nppemli 
citis is either the Streptococcus viridans or one jirodneing a greenish disto) oration 
with a slight zone of hemolysis around the colony. When the virulence of this organ- 
ism is increased it tends to select the .stmnaeli or gall bladder niion which to > oca)i^e. 
On the other hand, while rheumatic fe^er is usually iirmluced by the 
viridans or greenish forms with a slight zone of hemolysis aroum i* ‘ 

the virulence of this form is increased it tends to dcvcloj) the characteristics of thi 
pneumococcic type. 
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in morphology, cultural and immunological reactions. Experiments in- 
dicate that mutation depends upon variations in oxygen tension, in tin 
tonicity of cultural media and on growth in symbiosis with other bacteria 
Recently Oliver and Perkins have shown the effect of oxygen tension 
upon the cultural reactions of bacteria, and W^herry and Ervin its 
effect upon the growth of bacteria. By varying the amount of available 
oxygen and tlie tonicity of the media and by animal passage, changes 
were noted in a strain of Streptococcus hemolyticus to the Streptococcus 
viridans and to the pneumococcus. These changes in morphology and 
chemical reaction in this strain of streptococcus were associated with vari- 
ations in the specific pathogenicity for animals, and led to the conclusion 
that the various lesions being produced by members of the streptococcus- 
pneumococcus group were due to mutation forms acquiring morphologic 
and biologic variations, according to the reaction of the tissue in which 
they grew, and a special elective affinity for tissues having a similar 
reaction. It would seem, therefore, that focalizations are no longer to be 
looked upon merely as a place of entrance of bacteria, but as a place 
where conditions are favorable for them to acquire the properties which 
give them a wide range of affinities for various structures. In the pro- 
duction of mutation forms, those that occur in vitro may be spoken of 
as ‘‘retrogressive’" and those that occur as the result of animal passage 
as “progressive,” because in the former the virulence, fermentative 
powers and other evidences of a vigorous life are diminished, whereas in 
the latter they are usually increased. 

Laboratory Evidence of Elective Affinity of Bacteria. — Bosenow 
in his experiments selected strains of streptococci both from the charac- 
teristic lesions and from the suspected primary focus of infection in 
cases of appendicitis, gastric ulcer, cholecystitis, erythema nodosum, 
myositis and endocarditis; from the tonsils and spinal fluid in herpes 
zoster, and from the tonsils and Steno’s duct in epidemic parotitis. The 
several strains from these sources were injected intravenously into 
rabbits and dogs and the followiiig results were obtained : * 

“Fourteen strains from appendicitis produced lesions in the appendix 
in 68 per cent, of the sixty .ight rabbits injected, which is in marked 
contrast to an average of only 5 per cent, of lesions in the appendix in 
the animals injected WJth the strains as isolated from sources other than 
appendicitis. Eighteen strains from ulcer of the stomach or duodenum 
produced hemorrhages in 60 per cent, and ulcer of the stomach or 
duodenum in 60 per cent., a combined total of 74 per cent, of the 103 
animals injected, in contrast to an average of 20 per cent, hemorrhages 
and 9 per cent, ulcer following injection of other strains. Twelve strains 
from cholecystitis produced lesions in the gall-hladder in 80 per cent, of 
the forty-one animals injected in contrast to an average incidence of 
lesions here of only 11 per cent, with the other strains. Twenty-four 
strains from rheumatic fever produced arthritis in 66 per cent., endocar- 
ditis in 46 per cent., pericarditis in 27 per cent., and myocarditis in 44 
per cent, of the seventy-one animals injected, in contrast to an average 
* Rosenow, E. C. Jour, of Arner. Med. Assn., 1915, Ixv, 1687. 
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of arthritis in 27 per cent., endocardial lesions in 14 per cent., pericarditis 
1,1 2 per cent, and myocarditis in 10 per cent, of the animals hijeeied with 
strains from sources other than rheumatic fever. Six slraiiK from 
nythema nodosum produced lesions of the skin in 90 per c'ent. of twenty 
animals injected, in contrast to an average of 2 per cent, in the animals 
injected with the strains from sources <»tiier tlian erythema nodosum 
and herpes zoster. Eleven strains from herpes zoster ])rodueed herpeti- 
lorm lesions of the skin, lips, tongue or ef)njunctivtv in 77 per cent, of 
tlie sixty animals injected, in contrast to tlie average* of only 1 per cent, 
of what seemed to he herpes of the skin with other strains. Nine 
strains of streptococcal organisms from epielemie parotitis produced 
lesions in one or both parotid glands in 7d per cent, of the nineteen 
animals injected intravenously, in contrast to no instance of lesions here 
with the other strains. Three strains from cases of true myositis pro- 
duced myositis in 75 per cent, and myocarditis (chiefly of the right, 
ventricle) in 35 per cent, of the forty animals injected, in contrast to an 
average of myositis of 12 per cent, and myocarditis of 10 per cent. fo|. 
lowing injection of strains from sources other than myositis or rheumatic 
fever; and eight strains of Streptococcus virtdans from chronic septic 
endocarditis produced lesions in the endocardium in 84 per cent, of the 
forty-four animals injected, in contrast to an average of 15 per cent, 
with the strains other than those from endocarditis. 

‘‘While the incidence of lesions in the organs following injection of 
the strains isolated from such organs is high, as shown by tlicse figures, 
the appearances at the necropsy are even more significant. Tn many 
instances in which the animals survive the injection for some time, no 
other focal lesions could be found except those in the organ in question ; 
and when the animal died early, these lesions were the marked feature 
and the associated ones were relatively insignificant. Frequently the 
injection of a very small dose was sufficient to prove the elective locali- 
zation. This elective property was shown not only by the cultures 
from tissues and foci but also by the bacteria contained in the foci, 
directly injected in other animals. 

“In many cases of both acute and chronic diseases the apparent 
atrium of infection was found to harbor streptococci having elective 
affinity; in the former usually only at the time of the attack, in the lat- 
ter in some instances for months. The elective affinity, however, was 
less marked in the strains isolated from the supposed focu.s than in the 


strains isolated from the lesions in the various organs. 

“The localization of the strains from app«‘iHliciti.s, ulcer of the 
stomach and cholecystitis as isolated, after cultivation and after animal 
passage, is of particular interest. These strains resemble one another 
v^ery closely indeed in cultural and other respects. ^ 
dicitis are the least virulent, those from ulcer occupy a ^ ^ 

and those from cholecystitis are the most virulent. h \ini e * 
to be one of the factors that determines their place o ^ certain 

travenous injection. Now if the localizahon is epen should 

extent on virulence, then the occurrence of ulcer and cho - • 
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become greater as the strains from the appendix are passed through 
animals, and appendicitis should occur oftener after the strains frv..,i 
ulcer and cholecystitis lose virulence from cultivation on artificial , 
diums. This was found actually to be the case. In this connectioji 
other facts should be mentioned. None of the strains from appendicitis 
produced pancreatitis. The strains from ulcer hnd cholecystitis as 
isolated (mostly those from acute cases) produced pancreatitis in 3 per 
cent, and 5 per cent, respectively, of the animals injected. After animal 


passage, pancreatitis occurred in 15 and 19 per cent, respectively, while 
after cultivation on artificial mediums pancreatitis in no case was 
obtained. Lesions in the skeletal muscles occurred in 75 per cent, of the 
animals injected. The number of lesions in the muscles and myocardium 
in the animals injected with strains from myositis was often in propor- 
tion to the quantity injected, and occurred mostly in the tendinous 
portion and in the riglit ventricle. 

“Lesions in the kidney were especially common after injections of 
streptococci from rheumatic fever (39 per cent.) and from endocarditis 
(20 per cent.). Those occurred chiefly in the medullary portion in the 
former and in the glomeruli in the latter. 

“Lesions in the lung, consisting usually of hemorrhages and edema, 
were rare following injection of the strains when isolated and after they 
were cultivated they oceurred oftener after the virulence was increased 
by animal passage. 


“That the streptococci are the underlying cause of the diseases from 
the lesions of which they wore isolated is indicated further by the fa(?t 
that they have elective affinity for the corresponding structures in 
animals. Moreover, the fact that the same streptococcus may be made 
to localize in different organs is in consonance with the knowledge that 
streptococci may cause diseases with different symptomatology. The 
possibility, however, that they are secondary invaders to some ultra- 
microscopic filterable organism has to be considered. Filtrates of the 
sreptococcal cultures from vari.^as diseases were injected intravenously. 

vddph 1] filtrates produced lesions in the organs from 

^h ch the strains were isol -.ed; the lesions, however, were not due to 
^mg organisms because uie broth which was inoculated and incubated 
w th the tissues failed to produce any lesions. The results, while incon- 
w to indicate that streptococci produce substances 

specifically in the tissues from which the strains are 


From these experiments and later ones directed more particularly 
toward the determination of an elective affinity of bacteria for nervous 
tissue. Rosenow suggests that the frequency of localization of bacteria 
in structures about joints, the more tendinous nortion of muscles, the 
endocardium the ciliary body, the iris and th^ limbus may be due to 
the fact that there is a gradation from an abundant to a very scantv 
blood supply in these structures and hence a gradation of the supply 
of aval able oxygen, thus inviting localization by affording opportunity 
for optimum growth of bacteria. 
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Focal Infections of the Nasal Tract.~A hi-h of bartoi-ial 

invasion through the mucosa of the nose and the nasopliaryux has al 
ready been pointed out. It is probable tliat the iueidenee of persistent 
focalized infections in that tract is much ‘j:r('ater tlian the literat un* 
indicates. All of the factors predisposing to baeterial invasi.^n exist 
in the upper respiratory tract, but the difficidty in diairnosing persistent 
infections in this region, especially of the non-sup])nrative variety, has 
led many specialists to consider their incidenee inneh less than the\(m 
sillar and dental infections. One has only to consider tin* anatomy <)f tlie 
nasal cavity and its accessory simisos (see Fig. 31 and the general previi- 
lonce of acute nasal infections, to be impressed with tlie prolmhility «tf 
the more or less common occurrence of nasal focal izat ion. 

The extension of an acute inflammatory process into the accessory 
colls of the nose is the common occurrence in those nasal infections 
associated with systemic symptoms loosely called ^‘grippe,” Fnforln- 
nately, the natural drainage from the accessory sitnisps is def(‘etivc. The 
Kuhsidence of the superficial nasal infection is frecpicntly not accorn]>M 
iiied by a similar subsidence within the accessory cells. Swelling of 
the mucous membrane of the nose due to circulatory disturbances may 
completely obsthiet natural drainage from the air-cells. Where thci*e 
is an acute suppurative process the evidence of a pent-np infect iorj })ro- 
ducing local and systemic reaction is evident. More frc(|ucri11y the imn- 
snppurative infections exist and with the obsi ruction of natural tlrainage 
the air-cell is placed under pressure which produces circulatory dis- 
turbances predisposing to chronic focalization beneath the ii(»n n‘sistai»t 
mucous membrane of the cells. It therefore must be borne in mimi that 
nasal foci of infection are much more fre<ju(*ut than the usual melhf'ds 
of clinical examination indicate. Tn the author’s series of cases <»f chronic 
arthritis, a definite nasal infection was found in bO per cent. (;f the 
cases. Crowe points to the prevalence of nasal foci of iiifcelion asso- 


ciated with tonsillar infection. 

The probability of persistent sinus infection associated with only 
indefinite local sympt()ms (predisposition to nasal inf(‘ction, recurring 
headaches, nasal catarrh) was illustrated in a cas<‘ that came under the 
author’s observation in 1911. The patient liad had severe inflmuiza in 
1893, at a time when there was a widespread due to the liacdhtH 

hifluenzcB, Since that time outside of Boston and New \orlv tlmre had 
been only sporadic cases of true influenza. In 1911 tlie })a1ient ( e- 
veloped an atypical pneumonia assoeiated with hypoleuKocytosis, ic 
s^putum contained as the predominant microorganism the Jln( i vs in 
f^uenzcB and the same organism was isolated from a 
wiped out of the middle meatus in the ethmoid region. it ^ to 

correction of this persistent ethmoiditis the palient s pr(f isy)os 
I’l-equent nasal infection was overcome. th the form of 

Nasopharyngeal infection is common in Y! of theadenoid.s 

'nfected lymphoid tissue, Primary tu tereu 

VoL. I.— 21. 




Fjg. .‘i. — V ertical Tranp lrse Section op Head Ctjt in the Region op the Molar 
Teeth, Showing Relation of Nasal Cavity and Its Accessory Sinuses. 

Tlu' section cxjjose.s the frontal, ethmoidal and maxillary sinuses. The wire 
passes from the frontal sinus downward through the infundibulum, the hiatua semi- 
lunaris and the ostium rnaxillare into the maxillary sinus. The poor, natural drain- 
age of these cells is well shown and explains the persistent character of an infection 
when once the sinus is invaded. The close proximity of the dental structures to 
the floor of the maxillary sinus explains the frequency of interrelated infection a 
these two regions. (After M. H. Orycr, ‘*The Internal Anatomy of the Face,” 
Lea and Fehiger.) 
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was found in 14 out of 100 cases by Crowe, who also states that at least 
25 por cent, of children with adenoids have definite indieation for their 
r(*inoval, the most common being otitis media. Even after reinovnl of 
tlie large infected masses infected lymphoid tis.siie may persist. Sphenoid 
infection is commonly associated with adenoids and may persist through 
adult life. 



Fig. 4. — Roentgenogram or a Ciikovic Maxii.i.aky Sim, -hi.'-. Siio\ 
TRUM Filled with Granulation 'J’issik. 

Prom a case of chronic infectious arthritis nhi.h hui-rov.-d rophlly 
intranasal drainage and treatment. 


The etiologic relation of nasal foei of infeetion * 

localized or general, systemic diseases is firmly 
observation on young adult morbidity the pp. 

Tociis in acute systemic manifestations is , relative inei- 

bi the more chronic forms of secondary mam fs a ^ head- 

ta.. I. However, lo beoo.M.T 

aches of the migraine type, or as desenbf d\} 
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rheumatic'' type, in recurring or chronically progressive eye infectioLs. 
in chronic myositis and in certain cases of chronic arthritis, we 
found a chronic sinus focal infection to be a common etiolopc factor. 
The relations of diphtheroid infections of the nasal tract have been 
noted in Hodgkins’ disease by Bunting and Yates. , . 

The types of organisms usually isolated from nasal focal infections 

are the members of the streptococcus-pneumococcus group, the diphtliej-- 
oid organisms, the Bacillus influenz(F, the Micrococcus catarrhahs, and 
the staphylococcus. 

Tonsillar Foci of Infection.— Bacterial invasion of the tonsils and 
the lymphoid tissue of the nasopharynx is almost universal during child- 
hood. Acute systemic diseases secondary to acute infection of the tonsils 



Fig. 5. — Section of a Tonsil Which Clinically Appeared to Be Healthy, 
Showing A Small Abscess (D). 

From a case of subacute infectious arthritis. Tonsillectomy was followed by 
rapid subsidence of the joint infection. The cross-section of the crypts also illus- 
trates the natural poor drainage of the tonsil, which predisposes to bacterial invasion 
and focalization. (Magnified X ^0 


and adenoid tissue are (M>r.i\ion and generally recognized. There is no 
doubt that during the »; •. eadolescent period this lymphoid tissue plays 
an important role in ilie resistance against general bacterial invasion 
and therefore is more or less constantly subjected to primary invasion. 
The anatomical structure of the tonsil is such that retention of infec- 
tion is predisposed beeause of imperfect drainage. 

Invasion beyond the basal membrane of the tonsillar crypts is fre- 
quent and cireumseribed area.s of latent infection occur. During young 
adult life, acute bacterial invasion of the tonsils, though not as frequent 
as that in the nasal cavities, 'occurred in 22 per cent, of our series ol‘ 
eases. This lessened incidence is probably due to repeated acute invasion 
during childhood, for of 5,735 students examined at the University o1 
^\^sconsin (Van Valzah) 42 per cent, showed macroscopic evidence oi 
abnormalities of the tonsils. Many tonsils appearing innocent (sc»‘ 
Fig. 5), however, may be diseased, so that the percentage of tonsillfl^ 



infection mentioned above does not indicate the actual fre(nieney of 
tonsillar invasion. Furthermore, patients showinfr evidence of a eoin- 
plete tonsillectomy were not included witli ihos(‘ classed as Imvin- 
diseased tonsils. 

Tonsillar stumps which are atrophied and scarred tiu.sils are par- 
ticularly apt to be tliQ seats of chronic infection, llvpertn.phied idtaryn- 
LH'nl lymphoid nodes are often infected, ^‘speeially wIhuj ixTsistiii-r 
11 irouf?h adult life. The so-called ‘‘linjruar’ tonsil is a favorite site fJv 
])(‘rsistent infection. 

The infecting agents occurring in the tonsillar foci are mainly of 
tlje streptococcus-pneumococcus group. In tl](‘ acute invasion seen in tli(‘ 
various milk-borne epidemics, the infecting agent belortged to tin- strep 
tococcus-pneumococeus group. In the acute <‘xant li(*niafa Tinniiclitre lias 
determined definite differences in the streiUoeocei in smears from tlie 
tliroats in measles, rubella and scarlet f<*ver. In measlos the smears 
sliowed many small round diplococci; in rubella elongated pointed C(M‘ci 
in pairs, sometimes in chains, often showing a narrow capsule; in scarlet 
f(‘ver cocci, usually round, in i)airs or chains of rarely more than four, 
with generally a wdde capsule (i^ireplococcns hrmnhffirys). In measles 
and rubella similar cocci were isolated f rom 1 he blood. The i^trrptncoccuK 
hemolyticuSf while a frequent acute invad(‘r, may ]>ersist in a mo<lified 
form in a chromic tonsillar focus. Tn e])id(‘mic anterior poliomyelitis, 
Uosonow finds a ph>omorphic stroptocoeeus invading the t(msil. The 
relatively non-virulent Streptococcus viridaus is normally found on lie* 
surface of the tonsil and is probably the most fnxpieiit invader of the 
tonsillar mucous membrane, lying dormant until conditions aix' ri])e for 
its secondary invasion and localization. The Micrococcus cafarrholis, 
the Bacillus injluenzWy the diphtheroid organisms and tlie Bacillus tuber- 
culosis are frequent invaders of the tonsillar tissue. CVovve emphasizes 
t uberctilosis of the tonsils as a focal point from which secondary tiiher- 
culous infection may occur. 

Smith, Middleton and Barrett found the Entaruchn (jiugivalis in the 
tonsils of five out of seventeen patients examined. Kvaiis, Mirldleton 
and Smith found the entamebse in 97 per cent, of the goiter patients with 
diseased tonsils. As in dental infections the entamehjc probably jday 
a symbiotic role in the primary and .secondarN’^ invasion of })athog<‘nie 
microorganisms. 

Billings, in his studies on chronic infcctifuis artliritis, found infec- 
tions of the tonsils the most frequent etiologic focus. The etiologic 
relation of tonsillar infection to the acute and clironic inflammations is 
suggested by the fact that many of these conditions are due to t le 
Streptococcus viridans, a type of organism which is almost alwa^ s present 
on the tonsillar mucous membrane and which consoqiunt } is ap 


invade and focalize at that point. v,. 

Aural Focal Infections.— Tnfoct ion of tio' niot' o 
through the Eustachian tube is consi.lcroa a tr'M,ncn( occu • 

infection may also take place as an .nd usuSv 

metastatic complications of otitis media are no unco 
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involve the venous sinuses and meninges. Mastoiditis, secondary to so h 
an infection or due to hematogenous invasion from tonsillar or nasal 
foci, is fre(juent, especially in children. Acute mastoiditis may give 
to general hacteriemia with multiple acute lesions, or sinus thrombosis 
or meningitis. Chronic otitis media and chronic mastoiditis must always 
be looked upon as sites of focal infection in relation to secondary local 
or systemic infections. The lymphatic drainage of these regions is 
usually involved, a secondary lymphadenitis resulting. The bacteria 
usually isolated belong to the streptococcus-pneumococcus group, though 
either the staphylococcus, the Bacillus iufluenzce or the diphtheroid or- 
ganisms may be the predominant infecting agents. 

Oral Focal Infections.— Dental and Alveot.ar Tissues. — The fr(>- 
quency of bacterial invasion and focal ization in the dental and peridental 
tissues, and the relation of such infection to local and systemic diseases, 
has been clearly established by clinical observations and animal experi- 
mentation. The frequency depends mainly upon the age period of life. 
It is most common in the adult and less prevalent in the young. Moore- 
head states that the period of greatest danger from mouth infections is 
from twenty-five to sixty years of age. The same author found that 
the incidence of chronic mouth lesions in a group of over 700 carefully 
analyzed cases showed percentages ranging from 69 to 80 per cent, 
according to the age period. Irons, in the analysis of a series of 320 
cases exhibiting varying types of systemic diseases secondary to foci of 
infection, found that the incidence of alveolar abscess wms prex)ondcrant 
over other localized infections, ranging from 23 per cent, to 76 per cent., 
being highest in the arthritis group, a disease of middle life. In a study 
of 50 cases of chronic arthritis, the author demonstrated an etiologic 
dental focus in 70 per cent, of the individuals, all of whom were well 
advanced in years. Ulrich, as the result of the examination of 1 ,350 dead 
teeth, found 83 per cent, of them with apical abscesses. Of those 
artificially devitalized, 68 per cent, had similar lesions. Langstrotli 
found, in 30 cases of gastric or duodenal ulcer, that 44 per cent, showed 
definite alveolar abscesses. Irons, Brown and Wadler found dental 
foci in 18 ])er cent, of iritis cases and that it was the only demonstrable 
focus in 7 per cent, of the xidividuals. This relative incidence indicates, 
therefore, that in the oiore chronic sy.stemic infections of middle life 
the prevalence of deiital foci is high, while in the more acute conditions 
of early life it is h;vv. 

Dental foci maj’^ exi.st either as a periapical abscess, a pericementitis^, 
a pulpitis, a granuloma or an interstitial gingivitis, both suppurativ*? 
(Riggs disease) and non-suppurative. The infecting agent is usually 
a stre])tococcus belonging to the low-virulence group, the Streptococcus 
viridans. (rilmer and Moody, in a bacteriologic study of alveolar ab- 
scesses and inf(*cted root canals, found the streptococcus to be the pre- 
dominating organism and in a later communication classified the organ 
ism as a Streptococcus viridans. Hartzell reported 220 cases in which 
he isolated the Streptococcus viridans,, not only from confined dental 
abscesses, but from the superficial tissues of the peridental membrane. 
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The type of streptococcus depends upon its dc<rree of vinilouct' and as 
tho vast majority of persistent dental infeetioiis are of low ^irulenee. 
producing slow and chronic forms of secondary manifestations, the tvja' 
usually found is the Strepiococcus viriflau.^. At 1iim‘s. Imwexer. suelj 
foci have a high degree of virulonee, prodnein^r sudileTi and a< nte marrn 
^^.^tations, the streptococcus possessinjr niild hemolytie properties. 

There is abundant clinical evidence to estaldisli detinitely ihr <‘iiolosri<. 
relation of dental infections to systemie diseast's. Coadhy, in IMLJ, 
reported three cases of arthritis deformans in whieli <Mirr<-etion of 
tlie dental infection was followed by a suhsidcuiee of symptoms Sinee 
that time other observers* have emphasized d.mial foei as tin- vmiree 
from which disease-producing baeteria are dissemimiled tlirouglioul 
the body. Keyes' observations are especially inlerestinjr from the stand 
point of the relation of dental foci of infection to Imdy resist ain e aLminsI 
general infections. With the establishment of dental prophylaxis among 
children in an orphan asylum, the percentage of inL'etions diseases 
was reduced 59 per cent, at the end of six montlis ami to appn»\imately 
2 per cent, during the following year. 

Experimentally, Rosenow reports that the imwcdialc intravenous 
injection of streptococci isolated from dental foei may protluee in animals 
lesions similar to those existing in the patient from whom the organism 
WJ!.? obtained. 'Moody reports similar results. Ilaitzell and llenriei 
wore able to produce lesions in the heart, aorta, muscles, joints and 
kidney of animals, but were unable to demonstrate a dcdlniti* (‘leelive 


affinity on the part of such organisms. 

In 1914, Barrett and Smith, Bass and Johns described the relation of 
the Entameha gingivalis to pyorrhea alveolaris. These ohs(‘rvations leave 
little doubt but that the entameha* play an important role in the pro- 
duction of the destructive changes in pyorrliea and probably exert a 
symbiotic role in the bacterial invasion and flu* systemie symptoms pro- 
duced by the bacterial toxins. Evans and Middleton, in a prelimljiary 
report, noted the effect of the removal of the entainehie infeetimi npon 
the subjective and objective symi)toms of patients with oral entamehiasi< 
complicating dental infections. Whih* tlie baeteria nndonliiedly play Ih-- 
specific role in the production of secondary lesions, attention sliould he 
given the entamebte as a factor in certain .seeondaj-y manilestations. 

Salivary Glands. — Dire(tt extension of haeteiia along tin* dufts ol 


llie salivary glands is frequent, tlierehy ])ermitting ])rimary haeterial 
invasion into the gland. There is evidence, liovvcver. that hemaiogt‘nous 
infection of the gland from other foei 0 (*curs mneii mon* frv.piently 
than formerly believed. Persistence of the irifeeti(.n in the gland, 
whether due to primary invasion or sceondary metastasis, acts as a 
primary focus from which secondary infections and systemic reactions 
may arise. The t3^pe of organism iisnally found in such ni 
longs to the streptococcus-pneumococcus group, though invasion )y o 


bacteria frequently occurs. . rmsn. 

Lymph-node Focal Infection. — Acute m lections o 

*Eisen; M. H. Fischer; Tvy; Mayo; Preble: Pother; ^^h^tf^ 
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pharynx, tonsils, middle ear or mastoid are frequently accompanied ' y 
an invasion of the lymphatics draining those areas. Following t-.e 
subsidence of the primary acute infections, the lymph glandular inf. ,*- 
tion often persists near the portal of entry; similar lymphatic invoU*'. 
ment and similar persistence of infection may occur in the lymphat:" 
drainage of any region of secondary infection.* It is important 1o 
bear this in mind, both from the diagnostic and prognostic standpoints, 
for large lymph-nodes indicate an infection in the areas they drain and 
may continue as persistent foci of infection even after the primary focus 
has been removed. But the lymphatic infection may disappear fol 
lowing the removal of the primary focus. The prevalence of persistent 
lympliatie involvement, however, is showm in the statistics of Krotz, 
who, in 600 autopsies, found that in 90 per cent, of the bodies examined 
the cervical glands were infected with the streptococcus, while 10 per 
cent, showed the presence of other bacteria. Lasser, in the examination 
of 1,216 patients, found that 89.5 per cent, had palpably enlarged glands. 
In children the superficial glands of the anterior triangle were involved, 
while the deeper glands at the angle of the jaws along the internal 
jugular vein were infected in adults. Kretz points out that the so- 
called glandular fever in children is an evidence of acute focalization 
in the lymphatics which may arise as direct invasion of the lymph- 
vascular system or secondary to hematogenous infection. Chronic 
lymphatic infection is apt to produce systemic disturbance whenever 
the areas which the lymphatics drain are the seats of acute infection. 
This explains the common clinical experience of the recurrence of acute 
systemic manifestations following the radical removal of primary foci 
of infection. W. J. Mayo, in a recent article, emphasizes the importance 
of the etiologic relation of glandular foci as the cause of tuberculous 
peritonitis. 

Pulmonairy Focal Infection. — ^Focalization in the respiratory tract 
is common. Repeated bronchial infection, in which the peribronchial 
lymph-nodes are involved, leads +o chronic focalization in the bronchial 
submucosa and in the peribronchial glands. Small bronchiectatic cavi- 
ties are found to be much more frequent than was previously supposed 
since roentgenography has assisted us in pulmonary diagnosis. Such 
cavities must be looked, upon as possible etiologic foci of infection. 
Chronic fibroid lesions are found especially in the roentgenograms of 
those individuals giving the history of the acute exanthematous diseases. 
In such cases, the existence of previous infection is indicated by the 
secondary fibroid changes at the hilum of the lung and in the lymphatic 
tree of the bronchus to the lower lobe. 

The anatomical structure of the lung, however, does not predispose 
to pent-up infection and, while such infection is prevalent, secondary 
manifestations from such foci are not so common. It is true, however, 
that such foci sometimes produce those systemic disturbances that lead 
to the diagnosis of incipient tuberculosis. While it is better to err on 
the safe side in the diagnosis of tuberculosis, yet it must be borne in 
mind that chronic pyogenic infections in the pulmonary tract may 
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produce chloro-anemia, intermittent fever, neurastherviu. and those 
metabolic disturbances associated with tuhereulons infeet i(m. The types 
of bacteria found in the foci of the hrom'iiial trart are tiie same as tiiOM- 
found in the upper respiratory and ni»per dijrestive tra<‘ts. 

Bti^blogic Foci of Infection in the Gastro intestinal Tract. Oaix* 
Bladder. — The galbbladder is one of the sites of predileeti<m for the 
secondary focalization of haeteria whieh invade the blood stream from 
a portal of entry or from a primary f(»eiis of inf«M‘tion. Chronie 
cholecystitis is usually of .streptoeoceic origin, although the Jlnciflus 
typhosus may be a primary factor in tlie ha<*t<*rial invasion. The dem- 
onstration of streptocoeei in the walls of gall-hladdtu-s and in tlie eeiders 
of gall-stones is sufficient cvidenec that in many <*ases of j*liolei‘vstitis 
and cholelithiasis this region must he looked upon as a probable p<nn1 
of focalization producing secondary systemic symptoms. It mnst be 
borne in mind, however, that the growth of organisms in gall bladder 
tissue does not develop an especial affinity for any other tissue in the 
body unless the virulence of the organisms is inerease*! or decreased. 
Experiments indicate that when the former occurs pancreatic infee. 
tion may be associated with a cholecystitis; when tin* latter occurs gastne 

ulcer and appendicitis may result. 

Tuberculous foci in the gall-bladder, either secondary to bmphatn 
invasion or to^hematogenous metastasis, is sometimes an eti()h>gie factor 
in tuberculous' peritonitis, as pointed out by W. ;1- 
organisms isolated from the gall-bla(ider foci of inf.M'lion belong ina 1 
eitLr to the typhoid-colon groups, the strc,)toeoeens.piieninoe,oeeuK group 

bi.ad” n” n... .« s . 1..™. <«■» .f 

curred. The ctiologic relation of P‘ prt>v<*d experi- 
to gastric ulcer is ^ a relatively iiifre- 

mentally. W. J. Mayo .speaks o , • , tuhereulous peritonitis, 

quent site of a tuberculous locus pro,l,o.,ng^ 

while Eisendrath emphasizes the fr 1 . j i„fv,.t<.d either ns 

Iktestinal TRACT.-The throat infections 

the result of hematogenous melasL.. . _ ^ _^^ tliruugh the intes- 

or by direct invasion of pathogeiiK more or less constant 

tinal mucosa. In 1899, Adami pon bnetiuia through the intes- 

invasion of pathogenic y„<b>,f.iitery ghmds or in the 

tinal wall of animals with lodgim” in uppnn'Dt health 

tissues far distant. Nicholls lh‘rt»‘r, in e.vplaining 

the mesenteric glands contain a * evstemit* <listurhanecs. also cm- 

the relation of intestinal infe( ions 
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pbasizes the invasive property of bacteria toward the intestinal mucosal, 
dependent both upon the type of organism and upon the cellular re 
sistance of the mucosa. It is this bacterial invasion through the gastro- 
intestinal tract that may lead to the systemic disturbances attribute^^ 
to so-called '‘auto-iiitoxieation/' a term universally used but improperly 
understood. “Auto-intoxication” should be applie^i only to those dis- 
turbances dependent upon abnormal alterations in the hormones and 
upon the improper elimination of the products of catabolism, autolysis, 
and impaired metabolism. Intestinal stasis due to spastic constipation, 
to such congenital defects as redundant colon, veils and membranes, 
and to inflammatory adhesions, predisposes to bacterial invasion and 
the absorption of toxins. In so far as bacterial invasion, or the absorp- 
tion of the bacterial endotoxins or of those toxins produced by abnormal 
bacterial fermentation of the intestinal contents, brings about the types 
of disturbed metabolism mentioned, intestinal stasis may be said to pro- 
duce “auto-intoxication.” It is the bacterial invasion, however, pro- 
ducing wdiat Adami terms “subinfection,” that is the usual cause of 
the various systemic reactions rather than the effect of the products 
of putrefactive changes in the intestinal contents. 

Infections of the rectum and sigmoid may occur as the result of 
primary invasion and focalization or as the result of hematogenous 
invasion. Persistent foci of infection in this region may produce both 
local and systemic reaction. Soper reports 50 cases in which there 
existed pyogenic infections of the mucosa of the rectum and sigmoid 
with resulting systemic effects. In 23 of these cases,* ranging from 
twenty-one to forty-nine years of age, he noted symptoms usually 
ascribed to auto-intoxication and neurasthenia; in 12 migraine and 
spastic constipation were the predominating symptoms; in 10 cases 
metastasis occurred, causing either appendicitis, cholecystitis, gastric 
and duodenal idcer, or kidney disease. In this group of cases there was 
a tendency to rectal hemorrhage. In 7 cases nephritis and arthritis 
deformans were the principal conditions noted. Beveridge also reports 
upon the apparent ctiologic relation of gastro-intestinal infection to 
arthritis. In those cases of dvsentery from which he was able to isolate 
micrococci there was an associated arthritis. In those cases free from 
joint manifestations, the -iiltures were negative. Infected hemorrhoidal 
thrombi freciuently pr(*duce such acute manifestations as hepatic abscess 
and septicemia. 

The members of the streptococcus-pneumococcus and the typhoid- 
colon groups are the common forms encountered in focal infections of 
the gastro-intestinal tract, while the Bacillus tuberculosis and the 
dysentery forms are frequent invaders. Any pathogenic organism, 
however, may focalize in this tract. 

Etiologic Foci of Infection in the Genito-urinary Tract. — ^Direct 
bacterial invasion, followed either by acute secondary manifestations 
or by primary focalization, may occur at any point along the genito- 
urinary tract. Hematogenous invasion from other foci is relatively 
frequent in the deeper structures of this tract. The vagina and uterus. 
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.specially immediately after childbirth, are rnr,st frtMju.ntly sub.„vr.d 
t ) primary invasion. The fallopian fnb(‘s, tlu* ovaries, tlie prostate and 
ine seminal vesicles may be invaded by an aseendimr infeet ion alnn<’ 
Die tracts but frequently are seeraidary to melastaM's. T)ie antlior has 
studied one case in which inetastatie abscsses .K-.urred in the kidney 
and the testicles, due to the pneumoc(K*ens. tliree days after the crisis 
in a lobar pneumonia. 

The urinary tract, the bladder, the ureter, and pelvis of the kidnev 
may become infected secondary to the urethra, but the infection of the 
pelvis of the kidney is almost always a hemat«tLrenous invasion. Kspe 
cially in children does an infection of ilu* pelvis (.f tlie kidney o»*eur 
secondary to an acute iiitectious disease or aente inflainnial ion of tin* 
nose and throat, and must always he considered as a ])rohable focus of 
infection producing: systemic manifestation in the form <.f unexplained 
febrile reaction and toxic disturbances. 

The endometrjum is normally sterile even durinfjr an uncomplicated 
puerperium, as shown hy Nicholson and Evans, hut wlien (uice infected, 
cither by the accidents of chihlbirth or hy an aseendiiiL" infect ir»n in 
ponorrheal vajrinitis, it is apt to remain as a focalized infection capable 
of producing widespread secondary Tnanif(‘stations. (ilandnlar, arthri- 
tic and f?eneral sj^stomic manifestations are fre(inenlly caused by ebnmie 
endometritis. Infection of the fallopian tubes may b(‘ either ironoprh(*Ml 
or due to other coccal invasion wlien seeomlary to aseendiu^r infectioTi. 
but it is much more frequently secondary to nasal and thn»at strepto- 
coccal infections than once believed. AV. J. Mayo (‘m|)linsi/,es the very 
important etiolojific relation of tuberenlons infeetion of tin* fallopian 
tubes to tuberculous peritonitis. The fa<*1<»rs involved in the loeali/a 
tion of infectin" ajrents in the fallopian tubes apply to similar invasion 
and localization in the ovary. 

Prostatic infection and seminal vesiculitis an* frcfjuent sources <tf 


infection and are most commonly ponorrheal in orijrin, but may be due 
to the streptococci and fre(jueiitly to the liactUua (hilver 

concludes that anaerobic as well as aih-obic orLmniMus may la* the e\- 
citinjr cause of chronic prostatitis and spermatoeyst it is, and that chronic 
infections of the prostate and seminal vesicles may be responsible for 
subacute and chronic arthritis. Other autliors f Barney, k idler 
Younp:) have also noted that many arthrifi<‘ eases have been euM'd. 
improved, or made noii-pro”:ressive hy <lraininfjr a L'enit(t-nrin;n > (oeiis 

of infection. . . 

In the bladder infections the e<.lon bacillus may tx-eome In^ddy 


pathogenic, due to increased invasive properties of that mieroor-an.sm 
developed as the result of a mixed inleetion. r i 

The foUowing bacteria have hr.-.. ,lrlrr..,i...'.l ..s pr... ..cn.c f..c«I 
infections in the genito-urinar.' fi-act: Ih.’ \'y I' t . .. 

cocons-pneumoooccus group, the stapliyhir.icrii'’. 

losis, tL Bacillus coli comm, n, is. the ««-//,.. tl... liacllu. 

pyocyaneus and the various diphtheroid forms. become 

Skill rocal InfeotiOI«.-Any loeal..cat.o,. ... thr skin ma> b.oome 
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the primary source of systemic infection, but, because of its easy cl 
tection and usually easy correction, the incidence of secondary mani- 
festations resulting from such infections is low. The systemic infec- 
tions secondary to widespread furunculosis and carbunculosis are ncu 
infrequent. Severe pustular acne is usually associated with toxic 
manifestations, as anemia and neurasthenia, and to a predisposition id 
various acute infections. Billings reports two cases of arthritis secon- 
dary to persistent foci of infection about the nails. Fischer reports a 
case of metastasis from an infected finger to the kidney produchij^^ 
perinephritic abscess. 

ACUTE AND CHRONIC DISEASES SECONDARY TO FOCAL 
INFECTIONS 

Acute and chronic manifestations that may arise secondary to focal 
infections may be either an acute or chronic inflammation produced by 
bacterial invasion into the various tissues or a disturbance of certain 
functions due to the effect of the bacterial endotoxins. These diseases 
are described fully from the standpoint of symptomatology, diagnosis, 
treatment, etiology and pathology under the various system headings. 

Theoretically, any infectious process in the body may be the result 
of the hematogenous or lymphogenous invasion of bacteria that have 
been confined in the body by the defensive mechanism. Present experi- 
mental proof, however, is definite in only certain diseases. 

The evidence of a probable elective tissue affinity on the part of 
the streptococcus-pneumococcus group suggests at least that a similar 
varying specific pathogenicity may be a property of certain other micro- 
organisms. No matter what the etiologic bacterium may be in a given 
lesion, the mechanism of secondary infection is probably the same. 

In presenting the clinical and experimental evidence which has 
established the etiologic relation between focal infections and the dis- 
ease to be discussed, it is not the intention to convey the impression 
that these diseases have no other etiology than that described. It is 
desired, however, to impress clinicians with the importance of con- 
sidering the primary etiology of any disease of bacterial origin of the 
same importance as the symptomatology and the end pathology of that 
disease. It is also desired to point out the possible ultimate results of 
neglected, apparently benign localized infection, in order to show the 
necessity of treatment even in the absence of signs and symptoms of 
body reaction. 

The laboratory experiments already described suggest variations in 
the strains of the members of the streptococcus-pneumococcus group 
with relation to*. (1) structures lined by endothelium; (2) structures 
covered by epithelium; (3) eye; (4) thyroid; (5) pancreas; (6) kid- 
ney; (7) nerve tissue ; (8) muscle tissue ; (9) bone. Such an anatomical 
classification, however, does not imply that a particular strain of the 
streptococcus-pneumococcus organisms showing a special affinity for a 
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^nven tissue in one of the groups must iiet-issnrily sliow an election for 
all the other tissues in that group or that Mn‘h 'an atVmity is eonfine^l 
alone to the single group. The results of the animal experiments tlo 
show, however, a tendency on the part of baeteria to pro<luee associated 
lesions in structures both within and witlmut tlie anat(.mieal gnnipings 
dependent upon the* virulence of the organisms and apparently upon 
the oxygen tension in the tissues, siieii associated lesions resembling 
closely those observed clinically. As shown in Fig. 2. the same type 
of organism is found in cholecystitis, gastric ulcer and appendieitis, in 
the order of lessened virulence. The association of these diseases is a 
common clinical observation. The common occurrern'c of a persistent 
low grade infection of the appendix associated with acute gastric ulcer 
has led many observers to suggest that the latter was caused hy lie* 
former, without clearly understanding the etiedogic relation. The or- 
ganisms focalized in the appendix may obtain tliat degree of virulence 
necessary to a special affinity for the stomm-h tisMn*. The same is true 
in regard to the secondary manifestation of cholecystitis in patients 
suffering with an appendiceal infection. Similarly, the organisms pro- 
ducing experimental acute non-suppurative arthritis and cnd.-cardit is 
are of the same type and again these are tlu’ manifestations observed 
clinically in rheumatic fever. 

Prom experimental evidence and from elinienl ol>scrvati(»n, it is se<'n 
that the possible immediate off eels of invasion of the blood -vascular 
system by bacteria from a primary ff)cus of infect ifui may be either: 
(1) a ^‘fulminating infection’’ in the f(»rm of a bacteriemia with multi- 
ple localized infections, due both to the high degree of virulence of the 
organisms and the general lack of resistance of the tissues against the 
infection; or (2) metastases to special tissues, dependent upon the 
factors governing the dissemination and secondary localizatimi of bac- 
teria, producing acute local inflammatory reaction. 

Both the clinical and laboratory evidence at hand is sufficiently defi- 
nite to permit the consideration of the following aruft Utcnlizcd infect foux 
processes as being due to hematogenous metastasis from a j)rimar\ 
focalized infection : 


Acute endocarditis 
Acute pericarditis 
Acute pleuritis 
Acute peritonitis 
Acute infectious arthritis 
Acute tenovaginitis 
Acute bursitis 
Erythema nodosum 
Purpura hemorrhagica 
Acute bronchopneumonia 
Acute cholecystitis 
Acute appendicitis 
Acute enteritis 


Acute eoliti.s 

Acute gastric and duodenal 
ulcer 

Acute eon junet ivit is 
Acute keratitis 
Acute iritis 
Aculo iridocyclitis 
Aeuti* uv«‘itis 
Acute episcleritis 
Acute ehonu<litis 
Acute ret init is 

Acute optic neuritis 
Acute thyroiditis 
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Acute pancreatitis 
Acute nephritis 
Acute pyelitis 
Acute neuritis 
Acute myelitis 
Acute poliomyelitis 


Acute meningitis 
Herpes zoster 
Acute chorea 
Acute myositis 
Acute myocarditis 
Acute osteomyelitis 


The possible remote effects of persistent focalized infections are not 
so easily recognized. Chronic inflammations secondary to the acute 
manifestations just mentioned may be the result of localized infection 
in the tissues or due to continued or recurrent metastases from the 
primary focus. The most common and the most difficult to recognize 
in their etiologic relation to a chronic focus of infection are those 
conditions which arise as the result of persistent feeding from a focus 
of infection of an organism of such low virulence that symptoms of 
tissue reactions are lacking, the primary evidence of the diseased condi- 
tions being the result of disturbed function, either local or general. 

Insidious and persistent bacterial focal infections have been found 
to bear an etiologic relation to hematogenous and lymphogenous pro- 
duction of the following chronic inflammutions: chronic infectious 
arthritis, chronic bursitis, chronic endocarditis, chronic myositis, chronic 
neuritis, chronic colitis, chronic cholecystitis, chronic appendicitis, 
chronic gastric and duodenal ulcer, chronic nephritis. The endotoxins 
elaborated in and absorbed from such confined areas of infection appear 
to play an important role in the production of anemia of the various 
recurrent and chronic reactions of the anaphylactic type and of those 
manifestations which are classified as belonging to the symptom-complex 
of neurasthenia. 

Heart and Pericardium 

Acute Endocarditis. — The bacterial origin of acute endocarditis is 
now universally admitted. From the standpoint of focalized infections 
the division into ‘‘simple, rrucose/^ “vegetative,” “malignant” 
and “ulcerative” is unimportant, except for convenience in deseribiiiG: 
the severity of clinical sym]»<oms and of the end pathological changes. 
The gradations are merol;y evidences of the degree of virulence and 
specific pathogenicity of the infecting organism and of the lack of tissue 
resistance. Acute endocarditis may occur as the one demonstrable 
lesion secondary to a primary focus of infection, but is usually seen as 
a secondary local manifestation in the course of such diseases as rheu- 
matic fever, chorea, tonsillitis, pneumonia, typhoid fever and gonorrhea. 

The bacteria most frequently isolated from the blood and from the 
localized lesions in the heart-valves are the various members of the 
streptococcus-pneumococcus group, the staphylococcus and the gonococ- 
cus. The diphtheroid organisms, the Bacillus coli communis and other 
pathogenic microorganisms have been found to be less frequent etiologic 
agents. 

The production of endocardial infection is embolic in character, the 
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bacteria lodging m the capillanos f,f the valvrs, the Mvoiuiarv leslorm 
.lependmg upon the degree of viriileuee of tlie or-aiiisins aitd thV nature 
of the tissue reaction. The acute endocarditis assoeiale.l witli rh.M„uatie 
fever is usually mild in type because of t}H‘ huv of virtibnov of 

the Streptococcus viridans which is the tvpi* of oivanisni most fre- 
quently found to be the etiologic agent in this <liscase. ln'.rances of 
destructive changes produced by tins type of organism when it pos- 
sesses increased pathogenicity have been noted. In inf<M‘tions diio to tJie 
Streptococcus miicosns, the pneumococcus and gonococcus, destnudive 
valve changes are apt to occur and the clinical symptoms of an acute 
malignant infection are present. Such typ(*s arc? seen complicating puer- 
peral sepsis, septic wounds, acute gonorrhea and virulent infections of 
the nose and throat. 

OlironiC Endocarditis. — Chronic ** progressive*’ or ** recurrent ’* hue- 
terial endocarditis, sometimes inapproj)riatt‘ly termed “chronic ma- 
lignant endocarditis,” is commonly the result of a sim])lc acute rheu- 
matic endocarditis in which the primary feeding focus of infection per- 
sists, the heart valves becoming less resistant to the clironic bacteriemia 
because of the sensitization and the increased vascularity of the tissues, 
and the infecting agent becoming less virulent but apparently develop- 
ing increased selective affinity for those tissues. Tin’s chronic form of 
endocarditis, hjowever, may arise insidiously without the o(‘eurreiiee of 
acute manifestlations such as acute rheumatic fever and he unrecognized 
until the subacute manifestations in its terminal stages evidence a form 
of intoxication suggesting body reaction to bacterial invasion. Both the 
recurrent type secondary to aente endocanlitis and the slcuvly progres- 
sive type are due to a persistent low grade bact(!rieniia, the Str(pt(fro(’ 
cus viridans usually being the infecting agent. 

The work of numerous observers* lias establislied tlje eliologie re- 
lation of bacteria to this chronic form of endocarditis. At pre.sent it 
is the consensus of opinion that the types of organisms described by 
the various authors as the endocarditis core ns,*' diplocm (Us endo 


carditis/* ** pneumococcus endocarditis** ami ** saphrophnfic strcptoroc 
cus** all aiyply to the viridans type of the streptococcus as d<‘seribed 
by Schottmuller, an organism possessing a low degr<*c ol virulence for 
the experimental animals and exhibiting a marked teiidcn('y to change 
its pathogenicity under cultural and animal passage conditions. 

The clinical symptoms of tliis type of endocardial involvement are 
usually mild at its inception and may so «*outimie jor works and even 
months. At first there may be ni» notieealjlc manit’estations other than 
a gradual lessening of strength, mild diiiestive dist iirbanees. exhaustion 
and tendency to dy.spnea upon exertion and niitaiiitv a 

symptom-complex often diagnosed as neurasthenia. u h ma.' 
accompanying slight variation in the dnirnai ^ . 

normal average. During this ixTiofl. il .I'.'.smic'fion. emlo- 

acute endocarditis with perniaiiciit spcon<liiiy ' ..roffresses 

cardial murmurs may be absent. As lh- mi-Homs .nocss P 

, M.'i.- Osl.T’ .Sr-hoftmuller. 

♦Billings; Horder; Lenhartz; Lilnnan : Oo- - 
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variations in temperature may suggest malaria and when, associate d 
with pulmonary symptoms as dyspnea, cough and expectoration, may 
suggest pulmonary tuberculosis. Later the febrile course of the disease 
may become more or less continued in type with at times, however, remis- 
sions, intermissions, chills, sweats, increasing weakness, loss of weiglit 
and anemia. Splenic enlargement is sometimes present which with the 
symptoms just described often leads to an incorrect diagnosis of typhoid 
fever. In the later stages the malignant symptoms develop in the form 
of embolic infections to the kidney, producing hemorrhagic glomerulo- 
nephritis, to the spleen, to the brain, to the skin, producing petechia*, 
and to the lungs, causing death. The endocardial lesions early are of 
the nodular type, but as the disease progresses vegetations form. Thrombi 
are numerous and not only form a favorable medium for the growth 
of the bacteria but are the source of the embolic manifestations in th(‘ 
malignant stage of the disease. It is this persistent infection of the 
heart valves that makes the prognosis of these cases so unfavorable, 
since in this stage the removal of the original source of the infection 
may have little effect upon the localized valve infection. Billings looks 
upon a chronic Streptococcus viridans endocarditis as usually fatal and 
suggests that the cases reported as recovering may be those in which 
there exists an endocardial murmur from a previously healed endocardi- 
tis and a Streptococcus viridans bacteriemia but without a true active 
endocarditis. Healing of vegetations, however, has been noted at au- 
topsy and clinical observers have reported recoveries. 

The history of tonsillitis and sinusitis and the existence of dental 
abscess are of particular significance in the diagnosis of this disease. 

Acute Pericarditis. — Acute pericarditis may occur alone under sim- 
ilar etiologic conditions as noted in infections of the endocardium or 
may be associated with an endocarditis. Its occurrence during the 
course of endocarditis is merely evidence of further metastases of bac- 
terial emboli. Dependent upon the specific pathogenicity of the invad- 
ing bacteria, the secondary changes may be mild or severe. 

Chronic Pericarditis. — Chronic pericarditis is most frequently secon- 
dary to an acute infection Icit may arise as an independent lesion or 
coincident with a chronic endocarditis. 

Serous Membranes 

Acute PleuritiB. — The demonstration in animal experimentation of 
the hematogenous invasion of the pleura by bacteria of specific patho- 
genicity is lacking, due to the fact, as shown by W. S. Miller, that in 
the rabbit, guinea pig and dog the pleura does not have a direct blood 
supply. In man, however, the pleura receives its blood supply through 
the bronchial artery. This fact, together with the frequent clinical 
observations of a fibrinous, serofibrinous or purulent pleuritis, occur- 
ring suddenly in the course of an acute nasal and throat infection 
without any demonstrable lung involvement, warrants considering 
pleural infection as one of the possible lesions secondary to hematogenous 
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i„vasion from a primary focal infection. In.n.s an.l Marino, in a rooont 
„,Kiy of streptococcal infections at Camp Cnstor, boliovod that vhilo 
s„„ie eases the primary infection rcacho.l tl,,. pi,.,,,., 
a bronchopneumonia, in others the orifriu ivas InmiatoLmnnus ivith secon- 
,lary pulmonary mvolvement. Aloxamlor also ro,.orts that pnn.lont 
plonntis occurred in.30 per cent, of pneumonias nn.tor his observations' 
but that the same lesion occurred secondary to (,(her foci such as an-dna 
and tonsillitis. The work of Miller and Dunham on the lymphatics of 
the lung and their relation to tuberculous infection of the pleura is 
evidence against primary hematogenous plcMiritis due to the Bacithiit 
tifherculosis and supports the belief that this form of invasion hv other 
pathogenic microorganisms is rare. 

The various members of the streptocoecns-pnenmocoecns gronp and 
the Badtlus Uiherculosis are the most frequent tyjies of organisms iso- 
lated from infections of the pleural cavity. The prevalonee of empyema 
among soldiers in the various cantonments, during 1017-1018, accord- 
ing to the various observers (Alexander, Cole, Irons), was diie to the 
Streptococcus hemolytiens. 

Acute Peritonitis. — Acute peritonitis occurs, most commonly, secon- 
dary to infections in adjacent serous caviti(‘s or in any of the abdom- 
inal viscera, but hematogenous infection of the peritoneum, producing 
what may be termed a primary peritonilis, is not infrc(picnt. In 106 
eases of acute 'peritonitis, Flexner found that 12 had occurred inde- 
pendent of any pathological condition in the contaiticd organs. He 
termed these primary and found bacteria present in 10 cases, in which 
9 showed only a single infecting agent. In a series of 34 cases of 
peritonitis, in which the infecting bacteria apparently invaded the body 
at some point outside of the gastro-intestinal tract, Flexner found a 
single infecting agent in 25 cases and a mixed infection in 9 caNe.s. 
The Staphylococcus aureus was found to be the most common infecting 
agent, while the Streptococcus pyogenes was next in frequency. The 
finding of the Bacillus coli communis was considered as evidence of 
invasion from the intestinal tract. Irons and Marine report two in- 
stances of apparent primary hematogenous invasion of the peritoneum 
with the Streptococcus hemolytiens. An Ijcmatogemnis invasion of the 
peritoneum probably may take place from a primary focus of infection 
in any portion of the body. 


Joints and Burs.f. 

Acute Infectious Arthritis.— Acute hematogenous invasion of the 
joints by bacteria from foci of infection most comnum > ^ 1^ 

nose, throat or oral cavity, hut at times at other po a ^ ^ . V . 

been definitely established by abundant expenmen a ai joints 

dence. The character of the local pathological changes « ^ 

and of the associated lesions in other tissues The 

and the specific ' pathogenicity group 

organisms of higher virulence m the strep 
VoL. I.— 22. 
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produce violent tissue reaction and usually suppuration. Such on in- 
isms usually do not exhibit a specific elective affinity for joint tis le. 
The gonococcus, however, does possess a certain degree oi^ specific a n. 
ity for joint tissue and is apt to produce the more severe type of tis ue 
reaction. The synovial membranes of the joint, bursae and tendons are 
usually involved with a serofibrinous and often a purulent effusion. The 
metastasis usually takes place during the acute manifestations of gonor- 
rhea, but may occur dilring the subsidence of the acute symptoms or 
secondary to a chronic latent and oft-tpnes undiscovered focus of in 
feet ion. 

The organisms of lower virulence in the streptococcus-pneumococcus 
group, namely, the viridans, the gray and indifferent and the slighily 
hemolytic forms (as shown in Fig 2) are those which usually possess 
specific joint affinity. These organisms produce the mild form of joint 
changes seen in acute rheumatic fever, and have been designated as the 
Diplococcus, Micrococcus and Streptococcus rheumaticus by different 
observers because of morphological variations. The original work of 
Poynton and Paine, and that of Beattie, of Walker and Ryffel and of 
Rosenow, has definitely established the etiologic relation of primary foci 
of infection to the acute arthritis of rheumatic fever and the other secon- 
dary manifestations of this disease, namely, acute endocarditis, acute 
tenovaginitis, acute myositis, acute myocarditis and acute pericarditis. 

While these manifestations of acute rheumatic fever arise during 
the course of an acute nasal, tonsillar or dental infection, the frequent 
absence of such local inflammation and the tendency to the recurrence 
of rheumatic attacks indicate that latent foci of infection, containing 
bacteria of such a low degree of virulence that local reaction is not 
demonstrable, may suddenly develop that specific pathogenicity and 
degree of virulence necessary to cause the secondary lesions observed in 
rheumatic fever. That such latency of infection may occur has been 
discussed by Kolle and Wassermann and is suggested by the isolation 
of streptococci from the blood of patients free from clinical manifesta- 
tions of an existing infection. I'he removal of diseased tonsils, the estab- 
lishment of adequate drainage for the relief of chronically infected 
nasal sinuses and the ext’^aotion of abscessed teeth have been followed 
by a subsidence of the rp{*urrence to attacks of acute arthritis* 

In the acute non suppurative arthritis associated with rheumatic 
fever, the synovial membranes are hyperemic, showing occasional small 
homorrhagic extravasations, and with a turbid effusion containing deli- 
cate flakes of fibrin. The tendency in such joints is to heal, leaving 
* little or no trace of the infection. These are the characteristics of all the 
acute serous membrane infections due to the Streptococcus yiridans. 
It is true, however, that in the severe forms of rheumatic fever this or- 
ganism sometimes possesses that degree of virulenoe necessary to pro- 
duce an exudative or ulcerative process, secondary proliferative fibrosi'> 
resulting. 

Ohironic Infectious Arthritis. — ^The focal origin of* chronic inflamma 
tion^ of joints due to the Bacillus tuherculosiSf the goUogOccus or th( 
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j . eponema pallidum tas been universally a.veptea. Opinions as to the 
etinlo^ Of chrome arthritis due to other causes than the above how 
ever, 7 'dely variant, due mainly to ,1„. e.vl.austive study of 

tl.e end pathological changes rather than a eonsideratiou of the prit^rv 
e 1 iologi< 4 „£actors responsible for these changes. The evi.lenee at hanii 
is to the effect that chronic inflammations of the joints exiuhiting either 
exudative, proliferative or degenerative changes arc not distinct dis- 
eases hut represent the type and stage of tin- reaction of tlic tissues to. 
the orlgmal and various contr^butirifr eaiises. Tlio wUhme at the same 
time suggfests that the primary causal facttir is haetcM-ial ii\fcction and 
that the metabolic changes so noticeable in cfM-tain forms of chronic 
arthritis are secondary manifestations. Tlic hactiM ial iofcction is proba^ 
bl.r always hematogenous and is secondary to a persistent focus of in- 
fection in which the microorganisms are of the lower (h‘gree of virulenee 
and possess an elective tissue affinity for the joint stnietiires. 

Bacterial emboli to the terminal vessels of tin* joint tissue produce 
a primary endothelial proliferation with secondary plugging of the 
vessels with cells and hemorrhagic infarctions, the organisms multiply- 
ing within the endothelial proliferation, and the triangular region of the 
infaretihn. In the more virulent types a serofibrinous exudate may 
result. When the organisms are of low virulence they are eitlier <io- 
stroyed, their jendotoxins producing local irritation, or there is a tend- 
ency to “walling off,” both processes being followed by secondary pro- 
liferative* fibrosis. This tissue reaction, the formation of obliterating 
thrombi in the smaller vessels, interferes with the blood RUi)ply of the 
articular and periarticular tissues, bringing about, as Billings points 
out, the metabolic changes necessary to the production of either tlie 
proliferative or the degenerative types of arthritidea d(‘seribt*d by 
Nicholfi^^nd Richardson. The interference to the blood supply of joints 
was suggested by Axhausen as a factor in the production of the anatomic, 
changes in arthritis deformans. The infection to the joint may invade 
the synovial membranes, the ligaments, the capsule, the articular e^irti- 
lage and the bone, producing the hypertrophic, or atrophic changes re- 
sulting in the various anatomical and clinical types of artliritis deformans 
(rheiimatoid arthritis, osteo-arthritis). 

In the later proliferative and atrophic stages bacteria may not be 
found in the joint tissues, the progressive pro<*t‘sscs being duo to the 
disturbed local metabolism brought about by the primary reaction to 
the ba^^erial invasion, hut may be demonstrati^d in the lymph-gland* 
draining the involved joints. , . . . 

' ^The etiologic relation of chronic focal infection to chronic arthritw 
is estaljWhed. Chronic infections of tl.e ton.sils, sinu*^. 
urinarj* tr^ct in both sexes, gastro-intestiiial tract anil ironc la g 
have been' found as 'probable cause.s in a vast nuinher o t 

denqe of focal infection in chronic arthritis is rather < ns • 
Strolhiports titin 73 per cent, of cases a 
strated, ^hile per cent, had probable foci o in u i ' , 

of 50 A eWe focus of infection was actnall.v .lemon, traced m 






311 


Fio. 6, r AND D.— Roentoesocrams or a Ta^f. or Sub-uromiai, Bvrsitis or Twfxve Years’ Pubation. 

C shows the comlition exbtm^ two months after the dental infection was eradicated; D. that three months after the eradication, 
that in F the density under the acromium hns almost disappeared- In P i* can no longer l>e seen. 
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100 per cent. One focus of infection was diBtennine4^ in 24 per ce^t., i ro 
foci in 44 per cent, and three or more foci in 32 per cent. The h, i. 
tion of these foci was as follows : dental 70 per centM nasal 60 per cet .. 
tonsillar 35 per cent., gall-bladder 4 per cent., appendiceal 6 per ce t. 
Soper states that 7 out of 50 cases of rectal and sigmoid in feet i .n 
showed arthritis deformans. In a study of 47 cases at Cook County 
Hospital, Irons found that alveolar abscess in 75 per cent, infection of 
tonsils in 45 per cent., syphilis in 23 per cent, and other chronic infec- 
tions in 21 per cent, were the focal infections determined in arthritis. 

The streptococcus possessing a low virulence and a high degree of 
sensitiveness to oxygen belonging to the viridans or the gray and in- 
differmt group is the most common etiologic agent, though the gonococ- 
cus and Bacillus tuberculosis mu.st always be considered. 

The tendency to localization in the joint tissues of these organisms 
of low virulence, persisting even after the removal of the primary focus 
of infection, explains the progressive character of chronic arthritis in 
many cases. These organisms probably develop a special joint tissue 
affinity because of their growth in joint tissue in accord with the experi- 
mental observations of Forssner, who reports -that streptococci grown 
on kidney tissue develop special affinity for kidney tissue when injected 
intravenously into animals. Persistent infection in one joint, therefore, 
may lead to the secondary involvement of other joints by hematogenous 
metastasis from joint to joint. 

Tenovaginitis and Bursitis. — Similar infective processes may effect 
the tendinous insertions of muscle, producing tenovaginitis. Inflamma- 
tions of the bursm mucosm and the bursas synovise are frequent occur- 
rences. Traumatism may be the cause of painful bursal swellings, but 
an inflammatory process is probably secondary to direct or hematogenous 
bacterial invasion to ‘which trauma may be contributory. The synovial 
bursai around joints are usually infected coincident with joint infec- 
tions, since they usually connect with the joint cavity, but the acute and 
chronic inflammations of the synovial bursae between muscles is probably 
secondary to hematogenous infection, trauma playing an in^>drtant role 
in the location of the lesion. 

As an illustration of bursal infection and the possible secondary 
results, the studies by Oodman and by Brickner on chronic subacromial 
bursitis with and without calcareous deposit are interesting. This con- 
dition is one of the common causes of painful shoulder. The latter author 
emphasizes the traumatic etiology of this condition and believes that an 
etiologic bacterial factor has never been substantiated. The descriptions 
of the pathological changes, however, are similar to the changes in other 
synovial membranes secondary to a viridans infection. 

As illustrating a possible etiologic relation between dental foci and 
subacromial bursitis, the roentgenograms (Fig. 6) of a case of several 
years’ duration show a gradual absorption of the calcareous boih 
following the extraction of teeth without other remedial measures bein ’’ 
instituted. The failure to find bacteria either in the calcareous sub 
stance or in the fiuid of the bursal sac is to be expected, since the bac 
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terial in^on of and localization in synovial membranes is within the 
tissues; toemselves, the other manifestations being secondary to locally 
di^lurhed circulation and metabolism. 

We have noted subaeromial bursitis as a frequent acute manifesta- 
tion complicating a^te nasal and throat infections in individuals, how 
ever, who gave a histpry of previous trauma. The recurrence (»f pain 
and limite4, function following recurrent acute infection has also been 
noted. In one case of multiple calcareous bursitl.s, complete freedom 
from pain and frona limitation of motion was not ohsiTved following the 
removal of foci of infection because of the preseruM* of an old fracture 
and misplacement of the coracoid proce.ss. 


Skin Manifestations 


Manifestations apparently oeenr as the result of imMastascs to the 
skin of microorganisms possessing special luithogmiicity. 

Erythema Nodosum. — Erythema nodosum has been noted as a com- 
plicating symptom in acute chorea, cerebrospinal fever, acute rheumatic 
fever, and as a part of the symptom complex of erytbcnia (‘xmlativum 
multiforme described by* Osier. It also occurs imh'pcndently of any 
acute infectious disease and nnassociated with arlicular or visc(‘ral in- 
volvement. It has frequently been noticed by the author in young 
adults followinj]| the subsidence of an acute tonsillitis, the patient show- 
ing evidence of chronic infection of the tonsils. In soirie cases it has 
been associated with marked febrile reaction while in otlicrs the only 
clinical manifestations were the skin lesions. In one of the cases last- 
ing over a period of months there w’ns a more or less general myositis, 
different groups of muscles being involved in sequ(‘nc(‘ following tin' 
subsidence of acute symptoms in the pi’ecediiig group. The removal of 
a focus of infection usually brings about relief from symptoms and 
their recurrence. In the case wdiiclj lasted over months, even after the 


removal of the infected tonsils, the progressive infection of groups of 
muscles may be exiilaiiied on the basis of the develo]uneut ot inus<'le 
tissue affinity on the part of the bacteria because of tin* persistent focun 
in muscle ti^ue. 


The type of organism usually isolated in eases of erythema intdosuin 
belongs to the group of low virulence, but as shown in I* ig. ... it ap- 
proaches the type of the more virulent and liemolylie jorins. I In* d)p!(- 
theroid organisms have been d<‘monsti*at(‘(I in the blood and in tin* not <s 
in patients with erythema nodosum. Erythema iindosum, tinn on, 
should he looked upon as a symptomatic lesion nf infeetnui asso 
e.iated at times with other inflammatory changes '*‘ ^ *'* J* 

limes the only manifestation secondary t'* an acut< )a< rni 
nr to invasion from a persistent foeal inteetion. ina 

. ...d 

nifectious or arthritic purpura, freipK ntl\ . svmntomatic 

™, infMi... di«.« .nd M.«i 


■>U8 infectious diseases and blood <l\scrasu . 
iud indicate degenerative changes in the sma 
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laries of the skin. Christian reports upon a series of ten cases showing 
various skin manifestations in the form of purpura, erythema, urticaria 
and angioneurotic edema and various visceral lesions, as hematuria, 
disturbed renal function,, arthritis and gastro-ihtestinal disturbancos. 
He states that the pathology consists of transitory focal lesions of ihe 
small blood-vessels and capillaries, but offers no^ explanation for the 
etiology of the condition other than to suggest a similarity to certain 
anaphylactic manifestations. Our present knowledge of the etiolngic 
relation of focal infections to arthritis, nephritis and certain anaphy- 
lactic manifestations based upon clinical observation and animal ex- 
perimentation permits the hypothetical deduction, at least, that, in tlie 
absence of other causes, purpuric lesions may be secondary manifesta- 
tions of persistent localized infection at or near a portal "«f entry which 
through the bacterial endotoxins acting as a foreign protein bring about 
degenerative changes in the blood-vessels. Such manifestations necessi- 
tate the careful examination of such patients for focalized infection. 
In the author’s experience the removal of infected teeth and diseased 
tonsils and tlie drainage of a chronic ethmoiditis have been followed by 
a disappearance of the skin manifestations, renal disturbances and sec- 
ondary anemia. 

Urticaria. — ^Urticaria is frequently noted as a recurrent manifesta- 
tion in individuals with evident chronic nasal, tonsillar or dental infec- 
tions and with suspected chronic gall-bladder and appendiceal infec- 
tions and has been improved by the removal of such infections. 

Acute and Chronic Infeciions op the Gastro-intestinal Tract 

Acute Appendicitis. — The focal origin of acute appendicitis is sup- 
ported by abundant clinical and experimental evidence. That it is an 
infection secondary to the hematogenous invasion of bacteria from foci 
of infection and not the result of primary invasion of the infective agent 
from the lumen of the organ is maintained by several observers.* Local 
stasis, foreign bodies and involutional changes in the appendix are un- 
doubtedly factors in tlie production of appendicitis,* * but only as pre- 
disposing to lessened resistance against metastatic focalization in that 
organ. 

Various authors hare noted the apparent etiologic relation of nose 
and throat infections to acute appendicitis. Kretz showed that strepto- 
cocci from such foci invaded various tissues and organs, among them 
the appendix. Canon also emphasized the hematogenous origin of ap- 
pendicitis.^ Adrian noted the relation of angina and bacteriemia to 
appendicitis. Ghon and Namba concluded from their observations that 
ii appendicitis was the result of hematogenous infection, it must be due 
to a specific strain of streptococcus. 

The recognition of an apjparent relation of the prevalence of acute 
appendicitis to the incidence of acute nasopharyngeal and tonsillar in 
factions and the occurrence of the disease in epidemic form has been 
* Adrian; Canon; Ghon; Kretz. **A. O. J. Kelly. 
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frequently noted* since the diagnosis of appendicitis has 1,,.,.,', m..re een- 
t rally appreciated. 

Evans reported upon the relation of tlie incidonce of acute nppendi- 
c'itis to acute infections of the upper respiratory anti ihe „ppor tlifres- 
five tracts, based on the study of the morhidity of v.nintr adults over a 
period of six years. . It was found that in L>14 rases of at-utr apptnnHciiis 
86 per cent, had shown evidenees of acute nasal an.l throat infections 
on an average of sixteen days prior to the appendi.‘eal attack. It was 
also noted at eight periods during the six years of these ohservntions 
that there were marked increases above tlie expeetant rate whieh evi- 
denced an epidemic type of the disease and indicat(*d a widespread in- 
fection with organisms having a special tissue affinity for tlie appendix. 
During such periods appendicitis occurred from 4 to L") times above the 
expectant rate and the interval between the nasal and throat infe.*li(ms 
and the appendicitis was on an average of 8 instead of 16 days. It 
was also noted that of the 12,000 individuals under observation for 
acute respiratory infections only 1.1 per cent, developed acute appendi- 
citis, while of those observed during any of the periods of epidemic 
3 to 3.5 per cent, developed that disease. During the epidemic perioils 
93.7 per cent, of the appendicitis cases .showed upper respiratory in- 
fection, while only 10 per cent, of the total population (d the University 


of Wisconsin exhibited such infection. 

A streptochecus in the low’cr group of virulence is tlie mo.st frequent 
infecting agent in appendicitis. The presence in the tissues of a dis- 
eaised appendix of organisms having their normal habitat in the intestines 
has been noted by Heyde and Aschoff, the latter placing great importance 
upon a primary mechanical factor in the production of appendicitis as 
predisposing to direct bacterial invasion. Tin* evidence at hand at pres- 
ent makes it s'eem more probable that those bacteria invade the appernlix 
secondary to the hematogenous invasion of a member of tlie streptoeoe- 
cus-pneumococeus group. Diphtheroid organisms are not infrequently 
found as the only infecting agent in appendices. 

Chronic Appendicitis. — Chronic infection of the appendix is u.sually 
secondary to acute appendicitis. It may occur, liowever, as a low grade 
progressive infection secondary to a primary focus of infection of very 


low virulence. 

Acute Cholecystitis.— While direct bacterial invasion ()f the gall- 
bladder may occur, as is frequently the ease in an infection fnun the 
Bacillus typhosus and the Bacillus coli communis, yet it is more often 
hematogenous in origin. The primary seat of iiifeetirm i.s usual ly in the 
nose or throat. It may occur, however, .s(‘eondary to the involvement of 
the lymphatics of the intestine and mesentery or hy llie hematogenous 
invasion of the Bacillus typhosus, tlie Bucillus coh communis or the 
streptococcus invading the intestinal 

nodes. Bacterial metastases to the galLhlaihler gi in i 


vessels of the fundus, the organisms 
is produced hy the blocking of the 


misnis invading Uh* li^-inorrhagie area that 
of the blood-vesMl^, with a thrombus-likc 


*Hood; Mantle; Martin; Marvel; Rosenow 


Wahle. 
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collection of leukocytic and proliferated endothelial cells. Extensi< 
from this area to the mucosa is followed by a cholecystitis, either acMi 
or chronic, depending upon the virulence of the organism. The inform 
tion brings about the precipitation of bile salts when the bile is concen- 
trated and of high cholesterin content, the latter factor being particularly 
emphasized in the etiology of the formation of gall-stones by Aschoil* 
and Hennes. Both Kretz and Canon contend that cholecystitis is hema 
togenous in origin, the latter believing that this is true even when the 
Bacillus typhosus is the infecting agent. 

The occurrence of acute cholecystitis following acute nasal and 
throat infections and after the subsidence of an unoperated acute ap- 
pendicitis has been a rather frequent observation of the author. The in- 
terval between the gall-bladder manifestations and the subsidence of tbo 
acute infections of the nose and throat was somewhat longer than that 
noted in the appendicitis cases. During some of the periods of epidemic 
appendicitis just described, the prevalence of acute cholecystitis witli 
jaundice was noted. Tt was also observed that, in a few eases of unop- 
erated appendicitis, gall-bladder symptoms occurred following the subsi- 
dence of the former. These clinical observations support the laboratory 
evidence of an apparent increase in virulence of streptococci infecting 
the gall-bladder as compared with those infecting the appendix. 

The most common bacteria isolated from the gall-bladder are Bacillus 
coli communis, Bacillus typhosus, members of the streptococcus-pneumo- 
coccus group and staphylococcus. 

Chronic Cholecystitis. — Chronic inflammation of the gall-bladder usu- 
ally is the continuation of an infection following tlie subsidence of 
acute cholecystitis; it may, however, arise as the result of the invasion 
of an organism wdiose virulence is such that an acute tissue reaction is 
hot produced. Clinically, many cases of chronic cholecystitis, with or 
without gall-stones, occur in which a history of previous acute gall- 
bladder symptoms is not obtainable. It is probable that a low grade of 
infection similar to that described in chronic infectious arthritis takes 
place. In such cases of chronic infection the focal infections from which 
the bacterial invasion has taken place are also chronic and produce little 
or no local manifestations. 

Acute Gastric and Duodenal Ulcer. — The occurrence of gastric and 
duodenal hemorrhages during the course of acute infectious diseases 
and the association of gastric and duodenal ulcers with severe anemias 
and chlorosis, together with the prevalence of such persistent foci of 
infection, as chronic tonsillitis, pyorrhea, dental abscess, and chronic 
sinusitis in cases of ulcer of the stomach and duodenum, suggest both a 
toxic and infectious etiology of these ulcerations. Bolton calls atten- 
tion to the incidence of pyorrhea in such cases and Langstroth reports 
clinical evidence of chronic focal infection in 84 per cent, of the ulcer 
patients examined. Billings notes the improvement in symptoms in 
ulcer cases folloyring the eradication of foci of infection. The occur- 
rence of acute manifestations in chronic ulcers or the development of 
symptoms of primary ulceration following the subsidence of acute 
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nasal, throat or dental infections and the apparent Hose (‘linieal rela- 
tion between infections of the appendix an.] tlie ineiilenee of jrastro- 
auodenal ulceration suggests more definilely the bacterial causation of 
ihese conditions. 

The baeteriologie findings of Rosonow ami Sanfonl. in a study of 
ulcers of the stomach and duodenum in man. ailds still i»rr*atcr evidence 
that the streptococcus, in particular, is eonimoniy an important primary 
etiologic factor in the production of gastric am] duodenal ulcer and not 
merely an accidental secondary invader of the tissues. They found 
streptococci in pure culture in nine instances ami in eiilturrs mixed 
with either staphylococci, Bacillus welchii or Bacillits coli communis in 
14 instances in 24 ulcers. In the stained sections of 47 ulcers, diplocoeci 
and streptococci were found in 36 instanec.s. TIjc production of ulcers 
of the stomach and duodenum by injection of str(*pto(»o(‘ci < f a certain 
grade of virulence and the recovery of this strain from the nicer and 
surrounding tissues is the strongest evidence at hand that such ulcera- 
tions may occur as the result of bacterial imdustases. The incidenee 
of gastric ulcer to appendicitis and cholecystitis in this series of experi- 
ments showed that whore the virulence of the streptococcus was increased 
it developed an increased affinity for the gall-bladder and wlnui decreased 
showed an increased affinity for the appendix. The infecting agent, 
therefore, b(|longs to the group of lower resistance in the )o)si1ion as 
designated in Pig. 2. The observations of Cierdine and IJHinholz as 
to the infectious origin of duodenal ul(‘er in children <*onfirin these 
laboratory observations. 

Chronic Gastric and Duodenal Ulcers. — These are most freriuently 


secondary to acute ulceration due to a eontinn(‘<l infection of the tissue 
surrounding the ulcer which prevents healing. It is possihlc. liowcvcr, 
that the infection may be of such a low grade of virulence, that a chronic 
ulcer may result without any intervening acute syinptoinatology. since it 
is not infrequent that chronic ulcerations are found in individuals who 
have never suffered with the symptoms associated with acute ulceration. 

Intestinal Infections. — Reference has been made to Softer ’s observa- 


tions of the relation of infections of the mucosa of the rectiim and sigmonl 
to secondary systemic and visceral manifestations. It. was pointed out 
that, while this infection localized in the mucosa of the intestinal tr^*t 
might be the result of direct primary invasion, it might also be the 
result of hematogenous invasions from foci outside of the tract and he 
merely a part of general secondary changes note d in these e.ises rat n r 
than the site of the primary etiologie focus. This .leniotistration of »i^ 
tion of the mucosa and Preston’s report of eases point iiijr to ptirn e 
infection as a causative factor in mucous colitis an* ^ . 

probable etiologic relation of foci of nifeetinn in le , 

teeth to aente and chronic gastro-intestinal .""J, 7 

that the correction of a frontal sin.tsitis. an ''''‘"''.'.'f " 
infection brought about a subsidence riervons system 

concluded that the infection acted uimn tin . 


rather than directly upon the bowel. 
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Prom all evidence it seems that acute gastro-intestinal condition 
may arise secondary both to direct bacterial invasion and to hematogenou 
invasion from far distant foci. It is at least necessary in all such condi 
tions to attempt to determine the existence of primary foci and to correo' 
them if possible. 

Acute Interstitial Pancreatitis. — ^Acute interstitial pancreatitis is 
probably always due to bacterial invasion of the organ. Many authors 
emphasize the importance of ascending infection by way of the pan- 
creatic duct. The experiments to prove this mode of infection have 
resulted in the production of the suppurative type of interstitial 
pancreatitis or pancreatic abscess. Opie states that occasionally the 
pancreas may exhibit an acute interstitial inflammation without sup- 
puration and in a case reported believes it probable that the infection was 
an ascending one secondary to acute inflammation of the stomach and 
duodenum. Opie draws a clear line of distinction between such an 
acute pancreatitis and the acute hemorrhagic pancreatitis or hemor- 
rhagic necrosis, the experimental work and autopsy findings indicating 
that the latter is associated with bile and pancreatic juice stagnation 
within the organ. 

The evident association of cholecystitis and cholelithiasis with acute 
hemorrhagic pancreatitis led many to believe that the invasion of bile 
into the pancreas as the result of impaction of calculi was the cause 
of the latter. This belief has been supported by laboratory experimenta- 
tion. The demonstration of the hematogenous bacterial infectious origin 
•of cholecystitis, cholelithiasis, gastric ulcer and appendicitis and the 
occasional occurrence of symptoms of acute pancreatic disturbance, in 
association with epidemic parotitis in a manner similar to the metastatic 
lesions to the testes in that disease, suggests the possibility of a more 
frequent metastatic infectious origin of acute pancreatitis than was 
previously believed. 

The production of non-suppurating lesions in the appendix, stomach 
and gall-bladder and the evidence that the invasion of these tissues 
depended upon a certain degree of virulence of the streptococcus siig- 
gested that a still greater degree of virulence is necessary for the 
development of a special afliiiity for the pancreas. There is evidence 
which at least suggests the probability of frequent inflammation of the 
pancreas in the course of infectious disease which is neither suppurative 
nor necrotic in character and which subsides coincident with the other 
bacterial process. The changes secondary to the disturbed circulation 
produced by bacterial emboli may bring about certain of the chronic 
progressive degenerative processes that are associated with disturbed 
metabolism as in diabetes mellitus. 

Eye Infections 

There is sufficient clinical evidence to establish focal infections, espe- 
cially nasal, tonsillar, or dental, as one of the important etiologic factors 
in the production of inflammatory diseases of the eye. Eye complica- 
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lions of acute tonsillitis, acute shnisiiis acute dmtal infcctiiuj arc 
not infrequent. Various observers^ luivc attribute,! conjunctivitis 
phlyctenular keratitis, interstitial k(M*a 1 iti., iritis. iri,l.,cyc!itis, uvciti>.' 
episcleritis, choroiditis, retinitis and optic neuritis to acute arul ('hrotiic 
infections of the accessory sinuses, tonsils niui dental structures. The 
members of the stret)toeoccus-pneumocoeeus«^roup and the iueniiurocoe<Mis 
have been the organisms most frequently re])ort(‘d as causal iuf.'ctim.? 
agents, though the colon bacillus and sta])hyloe<»eetis liave been f<uind 
to possess special pathogenicity for the eye in animal experiments. 
Tuberculous iritis has been attributed to tnhereulous adenoids. Irons 
and Brown, in a study of 100 cases of iritis, report the etioioirie factors 
to be: syphilitic in 23, gonococcal in 9, tuherenloiis in 8, dental infection 
in 18, tonsil infection in 16, sinus infection in 3, non-venenud geuitt>- 
urinary infection in 3, other suppurating infections in 2, infections so 
combined that the etiologic factor could not he deternnned in 17, and 
no etiologic factor in 1. The associated lesions in experimental iinimals 
injected with streptococci isolated from cases of rheumatic arthritis ami 
myositis are those usually seen in man, jiamely: unilateral panoi>lithid- 
mia, hemorrhages on the limbus with or without episch‘ritis, conjuncti- 
vitis, ulcer of the cornea, arthritis, appendicitis, gastric ulcer, endocardi- 
tis, pericarditis, myositis and nephritis. Inflammatory disease of tlic eye 
demands careful search for focal infections, oven if syphilis, tuberculosis, 
or gonococcal infections are present. 


Thyroid Gland 

Thyroiditis. — Enlargement and tenderness of the thyroid glan<l arise 
so frequently during the course of acute infectious diseases that several 
observers, especially of the French school, attribute such manifestations 
to an inflammation of the gland. Vincent reports that from 66 to 68 per 
cent, of his patients with acute rheumatic fever showe<l evidence of 
thyroid reaction which he attributed to hyperfunctioning of the glam! 
as a part of the general body reaction against llic infection. Others 
(Albertinj Sougnes, Weintraud) have reported similar (»hservations of 
symptoms of hyperthyroidism in acute rlieumatic fever. Kviilunce of 
actual infection of the gland is lacking. In onr own ohw^nuitions we 
have noted the great frequency of apparent hyperlnnetioning of previ- 
ously quiescent thyroids during acute bmsillar and nasal infections, 
which usually subsided coincidently with the aeute main estations o 
such infections. In a study of tonsillar entaniebiasis am its rt a ion 
to thyroid manifestations, Evans, Middleton ami 
the removal of the entamebic infection was aecftinpanut ^vmntomH 
in size of the gland in colloid goiters and a deereasc ^ 
of hyperfunctioning in the exophthalmic typi‘. ‘ dvsthvroidi»m 

m th™ ««. TO du« to . ™.ot~ ^ ^ T.™,™; 

*C. C. Boyle; H. Collette; Dunn; E. E. 

L. E. White. 
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entamebfls might play a symbiotic role. From the clinical standpoii. 
alone there is no doubt but that some patients exhibiting symptoms ( 
hyperthyroidism improve following the eradication of persistent fo< i 
of infection. 

Genito-urinary Tract 

Nephritis. — Various observations both clinical and experimental havo 
established the fact that bacterial infection may be one of the causes of 
acute and chronic nephritis. The frequent occurrence of inflammation 
of the kidney during the course of infectious diseases and the demonstra 
tion of the specific organism of the disease in the urine led many 
clinicians * to believe that a certain type of non-suppurative nephritis is 
due to bacterial invasion of the kidney. 

Nichols, in 1899, in 45 eases of chronic nephritis of all forms found 
diplococci in 29 and bacilli in 4. In 1910 Lohlein suggested that the 
glomerular kidney lesions complicating malignant endocarditis due to 
the Streptococcus viridans might be due to bacterial emboli to the 
glomerular tufts. Baehr later described the renal changes found in 
animals injected with the streptococcus from, subacute bacterial” 
endocarditis. He found that in most cases there were bacterial emboli 
to some of the glomerular tufts producing distinct pathological lesions 
in the involved glomeruli without evidence of disease either in the un- 
involved glomeruli or in the uninvolved portion of the affected glomeruli. 
Evidence of rapid healing was coincident with evidence of a similar 
process in the endocardial lesions. The symptoms and end pathological 
changes were in direct proportion to the number of glomerular lesions. 
If few lesions existed, hematuria was the only noticeable symptom and 
healing took place if the bacteriemia subsided; but if the glomerular 
lesions were numerous, there was either a rapidly fatal subacute hemor- 
rhagic nephritis or, with the healing of the endocardial lesion, a sec- 
ondary contracted kidney ensued, producing typical symptoms and 
death. 

Le Count and Jackson have also shown similar renal changes in 
rabbits injected with streptococci. They noted the same embolic glomeru- 
lar involvement and the same tendency to rapid healing. Rosenow found 
that kidney lesions were common in those animals injected with strep- 
tococci from rheumatic fever, especially after animal passage, the lesion 
occurring in the medullary portion, and in those animals injected with 
streptococci from endocarditis, the lesions being glomerular in type. 

Ophiils describes glomerular nephritis as being acute, subacute and 
chronic. The acute stage is produced by septic infection associated 
with endocarditis and may be of the focal hemorrhagic type described 
by Baehr when the infection is overwhelming. The subacute stage is 
that occurring after a tonsillitis or other local streptococcic infection. 
In the chronic stage it is difficult to disco’i?€t* the original focus of infec- 
tion, but the history of such cases is alWays significant in that there 
has been a recent localized infection. 

^Adaml; Baehr; Billings; Grulee; Klotz; Ophiils; Stengel. 
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It is always evident, according to Ophiils. ihai th,. M.ba.-ute and 
. lironic stages m children are secon.lary to t iniloc and (iaarde 

also emphasize etiologie relation of infection p. a form of Immorrhacie 
nephritis occurring m children usually foil, min- (i or 7 days after an 
acute tonsillitis, cultures from the blood and" throat eorresnondinc 
with those from the* urine. 

Others have noted the evidenoe of tho luicf orial causation of nephritis, 
a F. and G. R. Dick found that bacteria isolaliui from urine of nephritis 
may produce the urinary and anatoniie fnnliufrs of m^phritis ami point 
out the importance of the etiolojric relation of foci of infection to acute 
and chronic kidney disease. Billinps has reporjed his clinical observa- 
tions of the definite relation hetwocn focal infections and {rlomcrulo- 
nephritis and the apparent subsidence of the renal symptoms secondary 
to the removal of the focus. 

In the acute and early subacute stapes of plomerular Ticphritis, 
streptococci and diploeocci may be found in the urine and in the lesion, 
but in the chronic stage, the bacteria apparently have underpom* lysis, 
the endotoxins producing the secondary pathological chanpes. In both 
the subacute and chronic stages, there is hypertension, continued definite 
urinary findings (lessened urine, albumin, casts, erytliroeyfes ami leuko- 
cytes), and often uremia. Secondary anemia oecuirs early and is often 
associated witjh edema. 

With this evidence at hand acute bacterial invasion from persistent 
focal infection must be given due consideration in the etiology of 
nephritis. 

Pyelitis. — As already pointed out under sites of focal infections, 
pyelitis may occur as a hematogenous invasion secondary to a focal 
infection in the nose, throat or teeth. Baeilluria is cmphasi/AHl as a 
basis for the diagnosis of pyelocystitis in children. 


Infections op Nervoits System 

Neuritis. — The demonstration of localized hemorrhages, edema, leuko- 
cytic infiltration and diploeocci in the peripluTal nerves of animals 
injected with the pneumococcus isolated from foci of infection in eases 
suffering with multiple neuriti.s, and the demonstration of living strep- 
tococci in the pulp of a tooth and in the fascia and mu.selcs of a patient 
suffering with recurrent attacks of dental neuritis and myositis, ami 
the reproduction of tooth, nerve and muscle lesions in animals injected 
with this strain suggest that hematogenous bacterial invasion of the 
nerve trunks is one of the causes of neuritis in man. Exposure ami 
trauma are important factors in the production ()f neuritis, but in many 
instances appear to be merely factors contributing to lessens resis am e 
against infection and against the effect of 

ically, the occurrence of neuritis eomplieatinp ^ Vimr the removal 
nasal infection and the subsidence of the same f'* P 

of the foci of infection are a-ute neoritia haa 

In our experience in dealing with >oiin^ 
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been observed in 344 individuals. The most frequently noted possible 
etiologic factor was a recent acute nasopharyngeal infection, the 
and symptoms of the neuritis occurring on an average of eight da\s 
following the subsidence of such infections. In the more slowly d- , 
veloping and the more persistent type of neuritis, especially of tbo 
brachial and sciatic plexuses, a chronic focalized infection, dental, ton- 
sillar or nasal in frequency in the order named, was discovered to bo 
the etiologic factor. History of definite trauma was infrequent, but tbo 
localization occurred commonly in regions exposed to occupational 
tiring and traumatization. The preponderant occurrence of the inflam- 
mation of nerve trunks in the female in this series is interesting and 
suggests a sex predisposition. 

Myelitis. — Hematogenous invasion of bacteria into the spinal cord 
has been recognized for a long time as one of the causes of myelitis. 
The type of myelitis produced by the bacterial invasion depends upon 
the anatomical localization and upon the character of localized reaction 
of the spinal tissues dependent upon the virulence of the infecting 
organism. The pathological changes are probably brought about by 
bacterial emboli to the terminal blood-vessels which produce a prolifera- 
tion of and the formation of thrombus-like collection of endothelial 
cells. This obstruction of the capillaries is followed by minute hemor- 
rhagic infarcts and secondary leukocytic infiltration. Changes in the 
nerve fibers and cells occur secondary to this interference with the 
normal blood supply and as a result of the action of the bacterial 
endotoxins. 

Acute hematogenous myelitis occurs occasionally during the course 
of acute infectious diseases, as acute rheumatic fever, pneumonia, ton- 
sillitis and gonorrhea, but occasionally it arises without any evidence 
of a general infection. In such cases the presence of a persistent 
localized infection should be determined. Acute bacterial invasion, 
however, may occur without producing local evidence at the portal of 
entry, the invasion of the nervous system being immediate. 

The case of spinal insular sclerosis reported by Billings, in which 
Rosenow was able to isolate a streptococcus from the tonsils of the 
patient which produced focal hemorrhages in the spinal cord of injected 
animals, is sufficient to suggest the etiologic relation of such foci to 
spinal cord localization. 

Acute Anterior Poliomyelitis. — ^Inflammation of the ganglion cells 
of the anterior horns and of the axons leading from them, occurring 
most frequently in young children either in sporadic or epidemic form, 
is believed generally to be due to hematogenous infection. Whether 
the view held by Flexner and others (Lewis, Noguchi, Peabody) 
that the disease is produced by a filterable virus and probably by a 
globoid organism isolated from the central nervous system in poliomye- 
litis, or that held by Rosenow and others (Hektoen, Mathers, Nuzum), 
that the disease is due to infection, by a pleomorphic form of the 
streptococcus showing specific elective affinity for the anterior horns of 
the spinal cord, is accepted as explaining the true etiology of this 
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disease, its food ^aracter is strongly sngg.shM by tlu- cUoi.al observe- 
tions in both the sporadic and the epideinn' inrrns 

Flexner’s production of anteri,,,- p„li,„„y,.|,tis bv of the 

filterable viras in the nasal mucosa of animals ami Koson.nv s .Icmnnstra 
tion of the frequent presence of a plcomo.pl, i,. si >•, ,>1, ms in tbc ton 
sils of patients with poliomyelitis, and ilic .-vidcnt cic.-tiv.. affinity ..f tlms,. 
organisms for the central nervous system of yoans animtils, imiicatc (hat 
the upper respiratory and upper rligcstiv,' trm ts arc probable portals of 
entry and sites of persistent focalization in this tlisea>e. 

Acute Chorea. — The occurrence of acute cliorcNi in seurlct fever, 
aciilo rheumatic fever, acute endo(?arditis, jiuerpt'ral fe\er /nid y^ttnorriiea 
suggests strongly the infections origin of this disease. Its ndatifiu to 
aente rheumatic fever, and the frequent incidence of oente simple or 
vegetative endocarditis in chorea, indicates a eominon bacft'rial etiology. 
Chorea may occur in individuals in whom there is indther evidence of 
arthritis or endocardial lesion nor a history of such diseases in the 
past. It may precede, occur with or follow rheumatic fever. The in- 
fecting source, therefore, docs not depend solely upon an Jirthritis or 
an endocarditis, but upon any focalized infection in the body winch 
may cause bacterial emboli to the brain. Idle central localization prob 
ably depends in part upon the selective pathogenicity of the invading 
organism and; in part upon the individual jireiiisjinsitiou. The isolation 
of streptococci from the meninges in individuals having (diorca flioth- 
slein) is suggestive of cerebral localization of bacteria. I'hc c\pcri 
merits in which ehoi’ca was produced in animals by tic* inject iun of fine 
particles into the carotids support the embolic tln'ory of tic- disease. 

The removal of infectious foci in chorea has not al\va\s b*‘cn fob 
lowed by completely satisfactory results, probably tlin* in part to per- 
sistent foci of infection in the brain and in part to I lie (legtMierative 
changes secondary to embolic and thrombotii' processes. 

Herpes. — The inflammation of the j)Osterior ganglia and ol the ne.rvc 
trunks supplying definite skin areas usually results in tin* Jurmation 
of papulovesicular lesions in those areas. This inllammation is gen- 
erally conceded to be due to hematogenous bacterial infotUhtn ot the 
ganglia and the nerve trunks. The iricidcuco of lo-rpes labialis in junui- 
monia of herpes facialis in ton.sillar and dental inff'dious and ot lit'rj)es 
zo.ster in individuals harboring chronic foci of inb*clion has b.-m demon 
Btrated and indicates that bacterial infection is the primary ctmlogic 
agent, while trauma and exposure to cold are predisposing taetors eon- 
tributing to special localization. In J?dling.s' ( Inue, '' ttcrior 

to reproduce herpetic lesions and streptococcic in et tions o e ^ , 

root ganglia in animals injected with sfn*ptococci iso a on 
foci in patients suffering with herpes zoster. 


Infections of Ti.sd e 

Myocarditis. — The occurrence of 
course of acute infectious diseases is cornm m. } 
VoL. I. — 23. 
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rheumatic fever. The belief that such changes were due alone to the 
effect of toxins upon the heart muscle has been modified by the experi. 
mental observations of Wachter, Bracht, Jackson and Rosenow, wlio 
have shown the presence of streptococci in the myocardium followinj^ 
the intravenous injection of these organisms into animals. The non- 
suppurating lesions produced by streptococci of low virulence are simi- 
lar to the other lesions produced by the Streptococcus viridans in acute 
rheumatic fever, namely, a primary hyperemia with a tendency to hemor- 
rhagic foci with secondary proliferative fibrosis and degenerative changes. 

The important significance of cardiac irritability and of the ^‘effort 
syndrome’^ in relation to endurance in army service shows the importance 
of determining the presence of persistent low grade infection in all 
cases in which the response to activity is associated with cardiac distress 
or irritability. The relation of such foci to rheumatic fever and endo- 
carditis has been discussed in detail, the principle involved in infections 
of the myocardium being the same. 

Myositis. — Infection of the skeletal muscles producing “muscular 
rheumatism,” “myalgia” and myositis is common. In many cases of 
acute rheumatic fever of the more severe type, there is also muscular 
involvement. Instances of isolated muscle involvement associated with 
dental infections or in individuals with chronic foci of infection are 
observed frequently. That such manifestations may be due to actual 
infection of the muscle arising as the* result of the hematogenous invasion 
of bacteria from a confined region of infection and that living or- 
ganisms may be latent in the tissues during a period of freedom from 
symptoms has been demonstrated by Rosenow in a case of “pulpitis, 
dental neuritis and myositis.” The incidence of localization in muscle 
tissue of streptococci isolated from cases of myositis and “myalgia,” 
71 per cent, and 93 per cent, respectively, strongly suggests the develop- 
ment of an elective affinity for this tissue on the part of members of 
the streptococcus-pneumococcus group. The type of organism usually 
invading the muscle is of that degree of virulence possessed by the 
organism producing erythema nodosum and belongs to the general group 
of lower virulence, as shown in Fig. 2. 

In so-called “lumbago, * when sacro-iliac sprain is excluded, and 
in “myalgia” the presetice of infections of the nose, tonsils, teeth and 
genito-urinary tract should be sought. 


Infections op Bone Tissue 

Osteomyelitis. — Acute or chronic infectious osteomyelitis, while often 
due to direct bacterial invasion, the result of trauma, is most frequently 
caused by hematogenous infection either during the course of an acute 
infectious disease, from a persistent focus of infection or as the result 
of a chronic s.vstemic infection as syphilis or tuberculosis. In acute 
osteomyelitis, tl\e streptococcus, the staphylococcus, the Bacillus typhosw'^ 
and the Bacillus coli communis have been found to be frequent invaders 
of bone tissue. The author has observed an acute osteomyelitis of the 



355 


TOXIC EFFECTS OP FOCAL INFECTIONS 


middle of the femnr secondary to a pelvic absi*es.s due to the Bacillus 
coH a bactenemia havmg been demonstrated prior to e 

secondary localization. Chronic osteomyelitis may be an eml product 
of an acute infection or may begin as a .lowly progressing ferm of the 
disease due usually to tuberculosis, syphilis and typlioid infections. 


TOXIC EFFECTS OF FOCAL INFECTIONS 

As already pointed out, the manifestations of sw(*lling and tender 
ness of the thyroid gland during the course of acute infectious diseases 
may ^ the result of a reaction against the toxins from a focalized 
infection rather than the result of an actual infection of the gland. 

Aneinia.---Anemia in varying degree is a rather constant condition 
associated with acute or chronic infection. The degree is apparently 
dependent upon the toxicity of the organi8m.s especially as regards its 
hemolysing property. That bacteria may invade the bone marrow 
without producing suppuration is probable, but even if that occurs it 
is more likely that they ere rapidly destroyed and that their endotoxins 
produce the faulty hyperplasia of the marrow seen in the 8<*vcre types 
of anemia. The endotoxins absorbed from confined regions of infection 
may produce l^molysis in the circulating blood, necessitating an in- 
creased demand upon the blood-forming organs for more rapi<l pro- 
duction with the result that the infantile forms enter the circulation. 
Bunting^s observation on bone marrow changes in experimental anemias 
produced by a circulating toxin — ricin — supports this view of the effects 
of bacterial toxins upon the hematopoietic system. 

Hunter emphasizes the infectious origin of the “severest anemias, 
considering progressive pernicious anemia as a specific infective disease, 
while the other infective anemias are spok('n of as “septit* anemias” and 
intestinal infection anemias, the former being dependent upon oral, 
gastric and intestinal infections, the latter mainly due to parasitic 
disease. 

The rapid recovery from severe anemia following the removal of 
nasal, tonsillar and dental infections, in which the organisrn.s aj)par- 
cntly possess marked hemolytic properties, strongly suggests tlic ctio- 
logic relation of those foci to the secondary anemia. Tiiis is fiarlicularly 
true of the anemia in patients Avith alveolar abse<'ss ass<KMatid with 
pyorrhea alvcolaris. 

Anaphylactic Reactions. — As previously stated in the <!(>nsideration 
of the factors predisposing to infeidion and Ic'-mmumI localized resistance, 
the presence of persistent foci of infection apf>arcntly j>ro(inces o ]»ar- 
hcular sensitization of the body w'hi(’h results in manifestations of the 

anaphylactic type. . r 4 U 

Bronchial asthma, urticaria and other vasoimttor < i^'tor ^ 

stdn, gastro-intestinal symptom.s, hypotension and artiirnjuit an f is- 
furbances that have been noted ns tlic result oi onap i> axis am ce 
Pendent upon the sensitization of the bofly to foremni f»r<tt< in. 
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The relation of anaphylaxis to bronchial asthma has been discuss?() 
by Vaughan, Meltzer, von Pirquet and others, and the etiologic rela- 
tion of focalized bacteria to this type of foreign protein sensitization 
has been suggested by the work of Walker, Babcock and others. This 
apparent etiologic relation of focalized bacterial infection to foreign 
protein sensitization and the relation of such sensitization to bronchial 
asthma suggest that persistent foci of infection are frequently tlio 
underlying factors in this condition. Recently Oftedal has shown that 
streptococci isolated, from the sputum in three cases of bronchial asthma 
elected the bronchial musculature in animals injected as the point of 
localization. The Streptococcus viridans. Streptococcus hemolyticus anr] 
a fusiform bacillus were found in the sputa. If this elective localization 
is common in bronchial asthma, it may be a factor in producing local 
sensitization of the bronchial tissues. 

The improvement noted in some cases of asthma following the relief 
of nasar infection and mechanical irritation and the removal of infected 
tonsils strongly suggests the relation of these foci to tissue sensitiza- 
tion. Oftedal’s observations may explain the failure in some cases evi- 
dently due to bacterial protein sensitization, on* the ground that a focus 
of infection persists in the bronchial mucosa itself. While focal infec- 
tion always should be sought, it must be borne in mind that sensitiza- 
tion to inspired and ingested non-bacterial foreign proteins is also a 
factor in bronchial asthma. The streptococcus, the staphylococcus, the 
Micrococcus catarrhalis and pleomorphic diphtheroid organisms are those 
most, frequently found in asthma associated with sensitization to bacterial 
protein; 

Neurasthenia. — Hypotension, general weakness and vasomotor irri- 
tabilitj^ noted not only as an evidence of anaphylaxis but in certain 
types of dysthyroidism, occur with such frequency in chronic focal in- 
fections that a diagnosis of neurasthenia requires a careful search for 
fpci of infection. 


DIAGNOSIS OF FOCAL INFECTIONS 

The diagnosis of focal infection and the secondary effects arising 
therefrom depends upon: (1) an understanding of the pathology of the 
local and systemic diseases of proved bacterial origin; (2) a knowledge 
of the underlying principles of bacterial invasion, of the factors gov- 
erning portal of entry, primary and secondary localization and the mech- 
anism of symptom production due to body reaction; (3) a knowledge 
of the methods of precision in diagnosis, their limitations and the proper, 
interpretation of the results obtained. 

The pathology of those local and systemic diseases which have been dis- 
cussed from the standpoint of their relation to focalized infection, i'=; 
described in detail in chapters devoted to those diseases. The factors 
governing the incidence of bacterial invasion and primary focalization, of 
the dissemination of bacteria throughout the body, of secondary locali- 
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nation due to lack of resistance of tissue an.l to speeifie tissue affinity 
of bacteria and of local and general symptom prodiieiion, liave Wn 
diseased in this chapter It is, therefore, necessary at tins time to 
eonsider the methods employed to .ietermine th.' location »f foci of 
infection and their etiologic relation to a given local or -encral disease 

The detection of acute focal infections is net usnaI!^",linieult ts-cause 
of the objective and subjective symptoms of loeali/.cd inttammation The 
relation of such foei^f infection to coincident systemic reactions how- 
ever, is often overlooked due to the tcn.lcney of to consider 

disease from the standpoint of its ond patliolot^y ratluM* than from thr 
standpoint of its primary etiologry. Al the prrsl^nt tiim* no om* fails to 
recognize the etiologic relation of a sperifie iin‘thritis to a jronoeoe<Md 
infections arthritis, the latter being looked upon as a eom]>liration aris> 
ing during the course of the former. Many. howcvfT, fail lo n'roLUiize 
that sn acute iritis, an acute cholecystitis, aii aeut(* pan<*r<*aiitis. an 
acute appendicitis or an acute oophoritis may be a <*omjilieation of an 
acute nasal, tonsillar or dental infection. If this relation was more 
generally recognized the same precautions to prevmil secondary com- 
plications in acute infeations of the upper respiratory and upfior di- 
gestive tracts would be employed, as those in the treatment of gonorrheal 
infections, and more widespread and stringent prophylaxis to prevent 
such infection^ would be instituted. 

Frequently, however, acute localized and systemic infeidions arise 
secondary to latent chronic foci of infection giving rm local symptoms 
and it is then necessary to follow the same detinite routine in examina- 
tion as employed in determining the primary focus in chronic disease. 
The type of bacterial infection often indicates the j)ortal of entry and 
consequent point of primary foealization. The foci of acute strepto- 
coccal infections will usually be found in the upper respiratory and 
upper digestive tracts; those of gonococcal infeet on in tlie genito- 
urinary tract; those of Bacillus coli connnnnis infection in the in- 
testinal tract; those of Bacillus tuberculosis ijifectiruj in the tonsils, the 
lymphatic system or the respiratorj’^ tract and those of the diphtheroid 
infections, * nasal, tonsillar and lymphatic. Early in life the foci are 
more frequently tonsillar; later in life, dental. 

The determination of latent, persistent, chronic foci of infection is 
sometimes difficult and depends upon a careful, exhaustive clinical ex- 
amination of the patient, which in itself may siiffier to suggest a eorrec 
diagnosis; but whenever possible special examinations 
ployed for precision in diagnosis. Some of the met nx s o 1^ ‘ 
are available to most practitioners, such as the roen ; ' 

others are difficult and can be carried out only by 
for example, the determination of specifie lorms o > 
etiologic si^ificance. In the absence of eertam n Im rncthods of 
precision sound clinical judgment based upon a no 


ciples involved will accomplish much. 

In* a careful examination of a patien wi 
infection the following methods are of va ue. 


suspected focus of 
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1 . Clinical history. 

2 . Special examinations: 

Nasal: Visual, transillumination, roentgenogrraphy, baeterio]o{>. 
ical. 

Tonsillar: Visual, bacteriological. 

Aural and mastoid ; Visual, roentgenograpiiy, bacteriological. 

Dental: Visual, electric current for vitality, roentgenography, 
bacteriological. • 

Lymphatic : Visual, palpation. 

Gall-bladder: Palpation, roentgenography. 

Appendix : Palpation. 

Genito-urinary : Urethroscopic, c 5 "st 08 copic, segregated catheteri^ 
zation, bacteriological. 

Rectal: Proctoscopic, bacteriological. 

3. Laboratory examinations : 

Blood examinations: 

(a) Hemoglobin and absolute and relative cellular content. 

( b ) Serum reaction — antigen-fixation# 

Bacteriological examinations: 

Sputum, discharge from nose, throat, urethra, vagina and 
uterus; infected material from the tonsils and teeth; ex- 
udates ; infected tissue ; feces ; urine ; blood. 

Clinical History. — Repeated occurrence of nasal and throat infec- 
tions, of acute suppurative sinusitis, of peritonsillitis, of otitis media, of 
mastoiditis, of acute lymphadenitis, of alveolar abscess, of any infection 
of the genito-urinary tract, of anal or sigmoid infections, is always sig- 
nificant as indicating portals of entry and possible chronic foci of in- 
fection. Careful inquiry into the dental history, as regards the devitali- 
zation of root canals and unerupted teeth, is of assistance in directing 
the attention toward possible foci. The history of jaundice as indi- 
cating an acute cholecystitis cr the eliciting of the symptom-complex 
of appendicitis indicates the possibility of persistent secondary foci of 
infection which may be the primary cause of the systemic symptoms 
under observation. The history of various disturbances in metabolism, 
of neurasthenia and of chloranemia. should always direct the attention 
of the clinician toward the possibility of the existence of a persistent 
feeding focus of infection, either primary or secondary. Repeated bron- 
chial, lung or pleural infections indicate the probability of lymph-node 
infection. The history of such acute bacterial invasions as the acute 
exanthemata, pneumonia, typhoid fever and the puerperal infections, 
should be noted. All of these conditions indicate the incidence of bac- 
terial invasion and the possible sequential focalization of infection. 

The physical examination in cases of focal infection, aside from 
that necessary p;> determine the nature of the pathological lesions of th<‘ 
disease in question, and of its complications, should be directed towartl 
the location of any localized infection either at or near a portal of entr.N 
or at some point of secondary focalization. As already pointed out, the 
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most frequent sites of primary focalization are: nasal, tonsillar. (leniaK 
aural, genito-urinary and rectal. Each tract must be examined with 
(he careful technique of a specialist. 

Special Kxawlnationa. — N aSx\l. — The presenee of nasal doformitiea 
interfering with normal drainage such as septal dctleeti<»n, septa! spurs, 
hypertrophied turbinates, predispose to siinis infe<*tion and must be given 
consideration. Persistent sinus infection is the us\ial form of nasal foci. 

In the acute form it is usually, though not necessarily, suppurative, 
while in the chronic form it is usually non-.suppurative in type, which 
adds greatly to the difficulty in diagnosis, sinee the absence of discharge 
is apt to lead to the conclusion of negative findings. The presence of 
hypertrophied granular middle turbinates, polypoid degeneration of the 
turbinates, or the protrusion of polyps into the nasal cavity from the 
middle meatus, or the closure of the middle meatus with a stieUy exudate, 
indicates chronic sinus disease. Sinuses containing granulating tissue 
must be considered of the same importance as granulation tissue 
where since the conditions in the sinuses are favorable to in<*reased 
tension. It is, therefore, from the end products of chronic sinus dis- 
ease that a focal infection must be diagnosed rather than hy visual 
evidence of the disease within the cell. Roentgenography is of some 
assistance, but unfortunately shows clearly only those diHeased cells 
containing pus. Occasionally a maxillary or ottm>o>.l 
granulation itissue may give a distinct shadow. h«t ^ 

interpreting 'slight variations in cell shadow hecanse of the 
tion of structures on the flat surface of the plate m evident, and there- 
fore while positive findings in the roentgenogram are 
findings do not exclude the accessory sinnses as 

proof of surface infection and us ^ ^ ^ Lo- 

the formation of /bet ween the tonsils and the pillars, 

calized abscesses are frequently f nsuallv indicate deep-seated 

Congested and granular "^rj/ “mUS ionsi even though the 
tonsillar infection. The small ahvavs be looked upon 

surface is free from evidence of ij'C . formation has par- 

with suspicion. Those tonsils m w arc particularly dan- 

tially or wholly occluded the orifices ^pperfi^-ial or deep cervical 

gerous. Tenderness and enlargeine , presence of chrome 

lymph-glands are important sign.s Iviuphatic gland at the angle 

tonsillar infection. Enlargemen • jyjjip^.node i» spoken of 

of the jaw is particularly suggestive. This 

as the “tonsillar gland.” 
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Aural and Mastoid. — The determination of chronic middle ear cjr 
mastoid infection depends upon the history of the case, the results of 
visual examination, and the roentgenographic findings. In the absence 
of chronic suppuration, enlarged lymph-nodes in the posterior cervicul 
chain are indicative of chronic infection in this area. 

Dental. — The method of determining dental foci of infection should 
be a routine one. Eisen and Ivy recommend the following: 

. 1. Clinical and visual examination to determine the presence of 

pyorrhea, ulcerations, suppurating sinuses, swellings, en- 
larged lymph-nodes. 

2. Determination of the response of each tooth to the faradic 

current. 

3. Roentgenologic examination of each devitalized tooth as de- 

termined by its electric response. 

Dental roentgenograms are important in determining the condition 
of unerupted teeth, for such teeth, even in the absence of local symp- 
toms, may be the seat of a chronic focus of infection. The important 
point in dental diagnosis is to look upon all teeth and their surrounding 
structures as possible foci of infection until proved to be otherwise. 
Roentgenograms are absolutely necessary in this form of diagnosis and 
it must be borne in mind that even this method may fail to show areas 
of infection producing serious secondary manifestations. This is par- 
ticularly true of granulomata, it being sometimes difficult to select rays 
of the proper degree of penetration to differentiate the diseased from the 
healthy tissue. Dental interpretation is difficult and requires the judg- 
ment of clinical experience. Oral surgery has long been neglected for 
the development of prosthetic dentistry and clinicians should consider 
this fact before being influenced by the dental findings of those interested 
mainly in mechanical dentistry. While a great many teeth have been 
needlessly sacrificed because of overzealousness and inefficient methods 
of examination, since the relation of dental foci to systemic disease 
has been more fully appreciated, a more serious danger menaces the 
patient who depends for dental diagnosis upon the man who ignores 
the value of roentgenograms and steadfastly follows the clinical meth- 
ods of the past. A frequent experience is to find apparently healthy 
teeth with dead and infected pulps which even the roentgenogram fails 
to show and which have only been suspected because of their lack of 
electrical response. In one case of advanced chronic infectious arthritis 
that came under our notice, the teeth were apparently healthy, but each 
one was found to be dead with a putrescent pulp from which a strep- 
tococcus of high degree of oxygen sensitiveness was isolated. As Moore- 
head states, the probability of .dental foci must be given first considera- 
tion in all cases between twenty-five and sixty years of age. Enlargement 
and tenderness of the submaxillary lymph-glands are suggestive of dental 
infection. 

Qastbo-intestinal.—- CA ronic cholecystitis and appendicitis as foci of 
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infection be^mg an etiologic relation are always <iiirieult of definite 
determination. As already pointed out, tlie history is of prcai im-' 
portanea. The diagnosis depends mainly upon the ‘clinical symptoms 
and the physical signs ^hich arc described in other chapters.* 
jfenograms to determine chronic choIelithiaMs or enlar-ed and di^temh'd 
gall-bladder are unsatisfactory except when special teelmic is followed. 
The percentage of cases in which gall-stones are obseryed is estimated 
differently by various investigators, flcorgc and Leonard cimsidcr that 
they have detected gall-stones in from 50 per cent, to 85 per cent, 'of 
the cases examined, but few roentgenologists would he willing to give 
60 high an estimate. 

Genito-URINARt. — Foci of the prostate and seminal vesicles, either 
gonococcal or streptococcal, must he determined by manuiil aiul hn<*- 
teriologic examination. Infections of the bladder, ureters and pehna 
of the kidney are mainly determined by the refined methods of urine 
segmentation and bacteriologic examination. Infections of the vagina, 
uterus, and adnexa are determined by the ordinary gynecological exami- 
nation, combined with special bacteriologic methods. 

Rectal and Sigmoid! — Rectal and sigmoid infection'i require special 
bacteriologic examinations to determine their relation to systemic dis- 
ease. The presence of infected hemorrhoids, sinuses, fist u he. ulcers 
and abscess pejekets must be determined or excluded in the examination 
for focal infections in any case. Proctoscopic examination is necessary 
for the detection of foci of infection in this region. 


Laboratory Examinations. — BLOOO.—The blood picture is of value 
in determining the presence of foci of infection. In neute foealization 
there is usually a polymorphonuclear neutrophil ie h'ukoeyto.sis asso- 
ciated with erythroc.ytic destruction. In persistent foealixation of the 
subacute and chronic types there is usually a low color inilex with a 
moderate decrease in the erythrocytic count. The total leukocytes are 
as a rule increased from 9,000 to 12,000 ou an average. In the sub- 


acute type of infection the leukocytosis often reaches 20,000 even in 
the absence of noticeable suppuration. Tin’s jn’eture of chlorancmia 
and moderate leukocytosis in the ahsenee of jdainly demonstrable causes 
should suggest the presence of localized infection in the body. Fre- 
quently, however, well “walled-otf’^ chronic foci of infection cause no 
change in the total numerical count of lcnko<*yf(‘s. In such cases, as 
well as those exhibiting a moderate Ickocytosis, the (Ictcrmination of 
the actual number and percentage of the varir)us forms of leukw!.Vt^ 
in the circulating blood is of value. Imp«»rtance is attaches! to the 
lymphocyte count, since chronic foci of infection pror urc a 
constant irritation of the lymphoid tissue. Dependent upon le s gt 
and type of the endotoxin, there either stimulate... f 

lymphocyte development. The differential count, en 


portance. 

Our clinical observations, supported by . » 
Bunting (verbal communication), in chronic 


laboratory findings of 
non-suppurating nasal 
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foci of infection due to the streptococcus-pneumococcus group are to 
the effect that the toxin usually stimulates the lymphoid tissue so ti at 
an absolute and relative lymphocytosis occurs, in some cases beinpr as* 
high as 84 per cent., even though the total number of leukocytes n 
be normal. There is a moderate increase in eosinophils and basophils 
above the normal with a moderately high large moRoni^clear i nd t' i 
tional count. When the focus of infection produces an acute adeniti , 
the toxin has a destructive action upon the lymphocvtci and the blood 
picture is similar to that found in the early stages of Hodgkins^ disease, 
which is described below. 

In chronic foci of infection due to the diphtheroid organisms, with 
secondary lymph gland changes (Hodgkins’ disease), Bunting describes 
the blood picture in two stages. In the early stage there is a beginning 
lymphocyte destruction and the blood picture is not pathognomonic, as 
any acute infection may produce such a lymphotoxic substance. The 
total number of leukocytes is usually under 10,000. The lymphocytes 
are relatively low and continue to decrease in successive counts, falling 
as low as 15 per cent. There is a moderate eosinophilia in the average 
case which becomes extreme at times, rising to 60 per cent, in some cases. 
There is an early basophilia which diminishes as the disease progresses 
There is a high percentage of transitionals and large mononuclears 
throughout this stage, reaching as high as 10 per cent, or above. The 
platelets are increased. The secondary picture Bunting considers pathog- 
nomonic. The total leukocytosis is from 15,000 to 100,000. There is 
an absolute and relative increase in the polymorphonuclear neutrophils 
up to 93 or 94 per cent. The lymphocytes in extreme cases drop as 
low as 1 per cent. The transitional and large mononuclear forms are 
higher than the lymphocytes reaching 8 to 10 per cent. The platelets 
are increased. Eosinophils and basophils are absent. 

In adenitis without gland softening due to a focus of infection pro- 
duced by the Bacillus tuberculosis, the total number of leukocytes may 
be normal or moderately diminished. There is a lymphocytosis, a low 
percentage or absence of eosinophils, a normal basophilia, a low per- 
centage of transitionals and large mononuclear forms and an increase 
in platelets, with a decrease in the neutrophils. {See opposite page.) 

With the exception of that seen in the secondary stages of Hodgkins’ 
disease, these blood pictures are not absolute, but, in conjunction with 
the clinical findings, they have been found to be of confirmatory value 
in a great number of cases. 

Serum Reactions. — Serum reactions are of some value in determin- 
ing the etiologic relation of an infecting agent to the local or systemic 
disturbance determined clinically. The Wassermann test is of value in 
confirming either the positive or negative clinical conclusions as to 
syphilitic infection. Complement-fixation tests for streptococci, gono 
cocci and the other organisms isolated from suspected foci may be of 
assistance in the diagnosis of an etiologic focus, but are never absolutt* 
in value and must always be properly controlled. 
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BITFEBBNTIAL LeUKOCYTB PICTURES ix rHROMc Non Si rr, KATJNfi KOCAI 

Infections 



Chronic Streptococoal 
Naaal Infections 

• 

Chronic Ihiihthcroui lufcctton 
(llodakias' 

1st -nd Mast- 

(Not Pnthogno- iPnthoicm*- 

niUlUcl ttiot.ir; 

Total leuko- 
cyte 
count 

Normal to 12,000. 

T ndcr lO.IKlO l.’»,(KKl lo Nutiiml or thiitiiuMw 

KNMKM) 

I.ymphocytcs 

Increased 35% to 84% 

Progressive Market] df* ltirr«'u>te»l 

decrease down crease tlowti to 
to 15%. . 1^ ; it) extreme 

' eii«*s 

Eoainophila 

Increased. 

Increase mod- .Absent how or slMcnt 

erote to extreme 

00%.- 1 

Basophils 

Increased. 

Early inerease.' .Mxteni Normal 

then decrease. | 

Ijirge mono- 
nuclears 
and transi- 
tionals 

Increased 

Marked in- I InereasiHi ' l-ow 

crease, lfl% «r * S'"!. t*J 10' J . 
above 1 

Platelets 

Normal. 

Inereaserl 1 lnrrea<M*<i Inereaw-*! 

Neutrophils 

Relative decrease. 

Slight de- ^ .Vbsolitte and DerrcMserl 

1 crease j re 1 a l « \ e i n - 

! ereriHe; extreme 

1 ! eiiis'N to 'M'i ' 


Bacteriological. — Bacteriological examinations of infected material 
are of importance, since the laboratory evidence is sufficient to grroup 
certain 'diseases as being caused by one or the other forms of streptococci 
of varying degree of virulence and specific pathogenicity, differentiated 
mainly by their type of growth on blood agar and by their sensitiveness 
to oxygen. If, for example, a Streptococci viridam is isolated from an 
abscess at the root of a tooth or in the parenehyma of • 

case of chronic infectious arthritis, or if a streptococcus cxhibitme a raint 
zone of hemolysis is isolated from similar foci in a case of ™yos.tm 
the determination of the etiologic focus is confirmed. e iso a 
organisms with similar cultural reactions from both a 
tion and the secondarily infected tissues of thf‘ ^ of the 

tion that an etiologic focus has been deteninned. Ihc 
Bacillus tuberculosis, the gonococcus or the dip i 
suspected primary foci strengthens the clinica coik ^ - .t 

ondary manifestaiion being tuberculous, gonococcal « 
belonging to Hodgkins’ leukemia group ( ^' ^ ^ month. 

ear, rectum and gcnito-urinary tra ,.x„,latcs or tissues from 

should be cultured and when it is I’"!", iiacfcriolopcally 

the area of secondary infection slmii i ' j. ,.j,aracter of 

and microscopically. Cultures of strains isolated from 

the causal infection and or teeth, suggert the 

suspected foci of infection m the n . 
original source. 
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TREATM2OT 

The treatment of focal infections should be directed toward both the 
prevention and the cure of the primary bacterial invasion and focaliza- 
tion and its secondary results. . 

Prophylaxis. — ^From the foregoing discussion it is evident that th(‘ 
most important factor in the treatment of focal infections is the pre- 
vention of primary bacterial invasion. The development of preventive 
medicine has passed through the stages of sanitation and isolation and 
is now beginning to deal with the individual. The advances made in 
the control of small-pox by almost universal vaccination and the more 
recent evidence of the results of vaccination against typhoid fever show 
the value of treating the individual rather than alone attempting to 
destroy pathogenic bacteria. 

The control of diphtheria by prophylactic doses of antitoxin, as well 
as the isolation of carriers, has had a marked effect upon the morbidity 
curve of this disease. Education and a betterment of moral and social 
conditions is assisting in the control of venereal diseases. Little progress, 
however, has been made in the control of the ordinary colds” or ”sore 
throats” which are treated lightly both by the physicians and the laity 
until a secondary complication arises which may be classified as a serious 
disease. Yet 50 per cent, of the morbidity of young adult life is due 
to acute localized reaction to this type of bacterial invasion of the upper 
respiratory and digestive tracts and almost 50 per cent, is due to the im- 
mediate or remote secondary effects of such invasion. The prevention of 
the so-called simple infections, therefore, should be made a matter of 
first importance. In the absence of any well-tested prophylactic meas- 
ures, such as vaccines, for the protection against the common ‘‘cold” 
infection, it is necessary at present to protect the general community 
from the infected individual. The selfishness of streptococcic carriers 
and the laxity of the general practitioner and even of the public health 
official in directing their isolation result in the spread of an infection 
which leads to disastrous and widespread secondary results. 

The treatment of acute bacterial invasion uncomplicated by sec- 
ondary complications should receive rational attention. Not only should 
the resistance of the body be maintained or increased by absolute rest 
and sustaining nourishment, but the local infection should be treated 
not so much from the standpoint of destroying the bacteria by chemical 
antiseptics as by stimulating the local tissues to increased resistance 
and, wherever possible, by establishing normal drainage. Such treat- 
ment as’ists the body to overcome completely the bacterial invasion, 
thereby lessening the incidence of latent focalization. 

Our experience in this regard is of interest. The establishment of 
medical supervision at the University of Wisconsin in 1910 permitted 
us to compare the- results of the treatment of nasal and throat infections 
as local conditions with the results of the treatment of the S3rstemic 
manifestations of such infections alone. With the former method the 
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average period of acute illness was 2>, days as eomparod «i#b a period 
of 8% days when the latter method was employed. The seemidar^ eom 
plications, both mild and severe, .sneli ns indammations of th.- ev.. ami 
ear, pneumonia, acute rheumatic fever, ete., ,„„ier ih,> former meihod 
were only 12 per cent, as compared with 35 per cent, under the latter 
Such treatment consists of evaciiatinrr whorovor l,u*alizca in’ 

feetions in the nose and throat. Tn the fornior. m\h\ shririkapr of the 
middle turbinate with a solution of adrenalin l.‘2r>.()()0 or with a solu- 
tion of cocain hydrochlorid 0.25 per cent. a]>pliod with plwltTots resnUs 
ill the establishment of free drainagje from the nt'(M‘s,sorv' cells through 
the middle meatus. This is followed by the use of a mild stimulant, 
such as a solution of argyrol 10 per cent, and a vapor of menthol 1 per 
cent., camphor 1 per cent., in liquid albolene. In tonsillar infeetiona 
frequent hot normal saline gargles have b(*eii found tf) l>i' more effectual 
than the more stringent and stimulating preparations. 

The general prophylaxis of the nose, tliroat and teeth should be 
encouraged from childhood. One of the chief reasons of the low inci- 
dence of skin invasion as compared to that of the nose, throat and mouth 
is the frequent cleansing and the conslant cellular desquamation. Simi. 
lar. methods of cleansing the mucous memhraues of these cavities should 
be employed. Routine dental, nasal and pliaryngeal supervision in our 
schools should be encouraged and the laity in general should he edu- 
cated as to ihe necessity of these precautions. Dctfdled description of 
these methods may be found in ehapters dealing with nasal and throat 
conditions. 

Curative Treatment. — The treatment of determined foci of infec- 


tion with or without local symptoms sliould he their itumediate removal. 
To await until such foci ijroduee .secondary results is irrational. It in 
true that the incidence of primary foealizalion is much greater than 
the incidence of local or .systemic diseases arising tljcrcfrom, ])ut, if the 
latter are to be prevented, the former arc to he eliuiinatcd as soon as 
detected. Radical procedures must be insfitut.<*d witli jmlgruent. The 
wholesale removal of tonsils without definitely determining the pres- 
ence of infection is unjustifiable. Radical operations for the correction 
of nasal deformities in children to improve aeration is unscieritifie unless 
mal-development of the upper maxillie is con.sidered and. if present, 
first corrected by orthodontic nudhods. The persist eue(‘ <>f eularp*d 
lymph-nodes following the removal of primary foci re<piires surgical 


interference if hygienic measures fail. 

The treatment of acute focalized infectious eomphcate<I l^v acute 

systemic diseases in many instan<-ps 

procedures during the course of acute rheiiiiial ic . > «. 

puerperal sepsis, acute endocarditis or acute jicrieart ilis 
no effect upon the course of tin* disease, hut ‘‘P • i 

ducing an overwhelming baeteriemia. Prophy a.* J** "***”''’ 
treatment of the nose and throat ‘""I- of continued 

secondary to an acute nasal infection, the n ^ rlpseribed is a 
nasal aeration and drainage by the local treatment just described is a 
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rational pi^Dcedure. The removal of ][>ersistent foci in snch cases should 
occur ad interim. 

In acute nephritiSi erythema nodosum, gastric and duodenal ulcer, 
acute myositis, acute infections of the nervous system, the immediate 
removal of the etiologic focus is indicated when the general condition 
of the patient permits. • 

In the chronic diseases, the chronic focus or foci should be removed 
radically as soon as detected. It would be just as rational to treat the 
metastases of carcinoma without removal of the primary growth as it is 
to treat a chronic cholecystitis or chronic infectious arthritis without 
removing the primary source of infection. 

Therapeutic measures are not confined to the removal of foci of 
infection, however, for the secondary infections do not disappear imme- 
diately with the removal of the feeding focus of infection. In the case 
of chronic infectious arthritis, for example, the periarticular tissues have 
been invaded by the bacteria of low virulence which have produced 
certain proliferative changes, have become focalized at that point and 
have developed definite elective affinity for joint tissues acting as a 
constant menace for the production of progressive.secondary involvement 
of other joints. The elimination of this persistent joint infection must 
be through the natural defenses of the body. Therefore, all of those 
measures tending to increase bodily resistance are to be employed with 
the same careful application to the individual as was the custom of 
clinicians prior to the knowledge of the underlying bacterial etiology 
of these conditions. 

The first and fundamental principle in the treatment of focal infec- 
tions is the treatment of the patient. There are always two factors 
involved in an infectious disease, the condition of the host and the species, 
virulence, number and special pathogenicity of the infecting agent. To 
ignore the former and deal only with the latter results in disappoint- 
ment due to the failure to relieve the patient. To remove infected tonsils 
in a case of chronic gastric ulcer without treating the local gastric 
condition and the secondary results of disturbed metabolism is as irra- 
tional as to employ surgical and medical measures for the relief of the 
ulcer without removing the primary infecting cause. 

It is not always possible to remove the primary focus radically. 
The strikingly beneficial results obtained following the removal of in- 
fected tonsils and the extraction of abscessed teeth are not experienced 
when dealing with chronically infected accessory sinuses or mastoids, 
since it is not always possible to remove all of the infected tissue. In 
such foci the principle is to establish freer drainage in the hope that 
the relief of tension and the consequent upbuilding of the resistance 
of the patient may bring about regeneration of tissue with elimination 
of infection. Too often, however, do we find the remnants of infected 
granulation tissue remaining in the cell cavities awaiting only the con- 
ditions bringing about increased tension, secondary to interference with 
drainage or acute infection to cause recurrent bacterial invasion. 

The use of antibacterial sera, autogenous vaccines and non-specific 
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proteUM m tte ^tanent of acute and chronic infectious diseases is 
discard m detail elsewhere. , The value of such measures in 
to eradicate the primary etiologic foci of infection is irrational Sr 
employn^t m toeataent of the secondary manifestations muUW 
from such foci should be mstitut^ with judgment only when the primal^ 
focus has been removed since the danger of increased sensitisation of 
tissues may lead to further bacterial invasion. 


The hygienic and special therapeutic measures employed in the vari- 
oils acute and chronic diseases are discussed in detail in those chaplem 
devoted to these diseases. In discussing such diseases from the stand* 
point of focal infections, it is not the purpose of the author to belittle 
the methods of treatment advised, but rather to emphasize them. But 
at the same time it is desirable, in applying such therapeutic measures, 
to keep in mind the importance of the primary etiology of thesi* diseases 
and the mechanism of secondary infection, rather than to consider alone 
the end pathological changes. 
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ORAL SEPSIS 
By H. B. Axdeksson. M.D. 
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Definition.— The term oral sepsis was introdneed by William Hunter, 
in 1900, and is now commonly used by clinicians to desi ornate the svs. 
temic effects of supptlrative or infeetivc dentoalveolitm. It in an 
infection, usually by streptococci, of the pulp, pericoiuental membrane, 
gums, alveolar sockets of the teeth, and often of the adjacent tistsuei 
of the mouth, fonsils, pharynx, sinuses and lymph-nodes. 

Mouth infect ion is a broader term, iindmling nut oidy the above, but 
simple dento-alveolitis, the earlier or more limited njanifeslationn of 
dental infection, without systemic .symptoms, as well as the oral mani* 
festations of the specific infections of tuhereulosis, syphilis, etc. 

Mouth infection is the commonest of all human diseiiKes and in the 
vast majority of cases has its origin about tlic gums and teeth. S)> 
tematic investigations of the mouths of large numbers of people in 
different parts of the civilized world have shown that practically all 
adults and a majority of ehildnm have nn*re or less oral Infection. The 
incidence of the disease has increased with the spread of civilization and 
the attend^pt changes in environment, dietary and general condition* 
of living. 

The two ordinary local manifestations of («ral infection are: (1) 
pyorrhoea alveolaris,* which begins as a gingivitis and extends along- 
side the teeth, involving the pericemental membrane and alveolar a<K‘kets. 
accompanied by discharge of pus, reeessi<»n of the gums and looffcn* 
ingof the teeth; and (2) periapieal (alveolar) ahwess, whicdi usually fol- 
lows infection of the pulp expos(‘d by denial caries, with extension 
of the proce.ss through the apieal foramen to the periapical tisKueH. 

Pyorrhoea alveolaris is tlie less imrH»rtant frr»ra the standpoint of 
systemic disease, as the condition is more readily recognized, and 


♦The term <*pyorrh®a alveoJnris” h usH 
most familiar to the medical 

periclasia,** meaning a breaking down of tho ti«-.ue around the t^h, 

A. J. McDonagh, of Toronto, has b<>«'n adopte d by the American Academy «f FcHodon- 
tology as more accurately descriptive of the condition. 
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Bince the pus usually does not accumulate under pressure efficient draj i. 
age — especially in the upper jaw — ^is more readily obtained. 

Biit^oal Summary.— Diseases of the teeth have been common in ull 
ages and are referred to by the earliest writers on medicine. Examina- 
tion of the teeth of prehistoric idseletons shows signs of caries, thoufrh 
less frequently than among civilized people. Dental diseases often 
being painful, suiferers in ancient times sought relief through the 
crude remedies employed by the practitioners of sacerdotal or popular 
medicine. The Papyrus Ebers (1550 B.C.) refers to dental and gingival 
diseases and the means for their relief employed by the ancient Egyp. 
tians. Extraction or other surgical procedures are not dealt with, though 
many authorities believe, from the study of mummies, that gold fillings 
and artificial teeth were in use at an early date. 

Hebrew writers make no reference to dental diseases, the Inference 
being that they were less common among this ancient people. The 
importance in which the teeth were held by the Hebrews, however, is 
suggested by the coordinate phrases, “eye for eye,“ “tooth for tooth,” 
“hand for hand,” “foot for foot” (Exodus, xxi, 24). 

Roseerches into tht‘ early history of the Babylonians, Phenecians, 
Chinese apd the inhabitants of India show that much attention was given 
by them to the care of the teeth. 

From the earliest times, until the eightaanth century, the study of 
dental diseases and their treatment developed as a part of general 
medicine. While undoubtedly there were individuals especially skilled 
in extraction and the use of mechanical appliances, these did not form 
a distinct profession. 

Hippocrates (460 B.C.) and other Greek physicians, and especially 
the philosopher Aristotle (384 B.C.) discuss diseases of the teeth and 
month with considerable detail, the history of dentistry showing the 
influence of their teachings for many centuries. Hippocrates mentions 
that abscess of the ear and necrosis of the jaw may be due to disease of 
the teeth, and discusses the symptoms arising from dentition and their 
significance. lie advises upon the necessity for rinsing the mouth after 
meals, and in case of toothache, if the tooth is decayed and loose, that 
it be extracted. 

Even before the foundation of Rome, knowledge of dental diseases 
and their treatment had luade considerable progrcvss among the Etrus- 
cans, who resorted to extraction and also used a form of bridgework to 
support artificial teeth. 

The dental art was introduced among the Romans by the Greeks 
and Etruscans, and developed along similar lines, as indicated by the 
writings of Celsus, who, about 25 or 30 A.D., collated into eight books 
the medical knowledge of the period. He wrote extensively on dis- 
eases of the teeth, indicating a i^ly advanced knowledfs fit them and 
their treatment. 

Galen (131 A.Dr), whose teaching exercised such a dominating in- 
fluence on medical thought for centuries, gave considerate attention |o 
diseases of the teeth^* and distinguished pain, due to invdl'^ement of 
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their mbidmee, fr^ that caused by disease of the gums. In thne 
early days extraction by forceps or the fingers was resorted to 
with much caution. 


Bhases (850 A.D.), Avicenna (950 A.D.). Abulcasis (1050 A.D.) 
and others of the Arabian school contributed little that wa« onmnal 
but followed closeljr the teaching? of the Grc<>k and Roman maatera. ^ 
Little further progress was made until the time of the great •». 
atomists of the sixteenth century—Vesalius (1514 A.D.), Fallopina 
(1523 A.I).) and Eustachius (1574 A.D.l, whose studies corrected many 
errors which had been perpetuated for centuries, before human diaaec- 
tion was again resumed, after its practice by the Alexandrian sebod 
under Erasistratos (330 B.C.) and Ilerophilos (300 B.C.) had been 
discontinued. 

Amhgoise Pare (b. 1509), the celebrated French surgeon, contributed 
greatly to the progress of practical dentistry. 

The founder of scientific dentistry was Pierre Fouehard (b. 1690) 
who practiced in Paris. By his ivritings he did nnieh to establish den- ^ 
tistry as a specialty separate from general surgery, and since bis 
time, medicine and deptistry gradually drifted apart and became recog* 
nized as distinct professions. Fouehard eomphiined that “aathors who 
have written on anatomy, surgical diseases and operation* have only 
treated very j imperfectly ^he part relating to maladies of the mouth 
and teeth. . .’ . This brancih of the art having lieeti but little cultivated, 
if not wholly abandoned by the most celebrated surgeons, their negli- 
gence has caused it to fall into the hands of persons without theory and 
without experience, who practice it in n haphazard fashion, guided 
neither by principles nor method.** 

The great English surgeon and pathologist, John Hunter (h, 1723), 
published two important works — a “Natural History of Diseases of the 
Teeth** (1771), and a “Practical Treatise on Diseases of the Teeth'* 


(1778). 

The importance of the teeth in mastication has undoubtedly led phy- 
sicians and dentists in all ages, and evem up to the pn‘wmt time, to 
consider di^ntal diseases and dental loss too exclusively from the mechaiii- 
cal standpoint and that of co.smetic effect. It is not surprising that 
such should have been the case in the days before there wa* a knowl* 
edge of the relationship of microiirganisins to dis**a‘'»*. 

The possible relationship of dental to systemic diseases, however, 
attracted the attention of acute clinical ohHf‘r^'crs from tune to time. 
Over a century ago Benjamin Rush reported the ® 

rheumatism of the hip- joint by extraction of a 
pre«ed the opinion that decay..! teeth “were often 
cansaof general and especially nervous diseases and . - ‘I-** ^ ^ 

“A--””* •"r.S'.rr, 

moted by^l^cting ,„v ease in which they wew de- 

and by. advising their extraction in tv , .iibatantiated by 

qored.” He makes the further statenien , p attended by 

mv^ations, “that it is not necessary that they be attenoea oy 
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piun in order to produce disease/* and quotes a number of oontempo< 
raries holding views similar to his own. 

In the evolution of modem dentistry, America has taken a foremost 
place. In 1838, J. R. Spooner, of Montreal, introduced arsenic as a de- 
vitalizing agent for the pulp, a procedure which has since exercised 
dn important, if not a beneficial, influence on dental paactice. This treat 
ment gave a great impetus to conservative dentistry in attempting to 
save many teeth which otherwise would have been extracted— a laud- 
able purpose— but, carried to an extreme by mechanical ingenuity which 
overlooked the paramount importance of removing underlying infection, 
led to unforeseen ills from its practice. 

John R. Rigg^ (b. 1811) gave special attention to the study of pyor- 
rhoea alveolaris, long known as ‘‘Riggs* disease,*' and introduced a 
new and more successful method for its treatment. 

Horace Wells (b. 1815), by his discovery of nitrous oxid and ether 
anesthesia (1844 and 1846), will always be regarded as one of mankind's 
greatest benefactors. 

W. D. Miller (b. 1853), an American who practiced in Berlin, where 
he became a Professor in the University, engaged in prolonged re- 
searches on diseases of the teeth and established the relationship of 
bacteria to dental caries. His scientific publications, about 100 in num- 
ber, including his epoch-making work on “Die Microorganismen der 
Mundhohle," in 1889, have made him the outstanding figure in scien- 
tific dentistry, and his researches paved the way for more recent in- 
vestigations, which have thrown a flood of light on both dental and gen- 
eral diseases. 

The observations and writings of William Hunter on bral sepsis in 
relation to pernicious anemia and other diseases must be credited with 
stimulating much of the recent interest in the question, and leading 
to many investigations of the greatest clinical importance. This work 
has been greatly facilitated by the routine use of the x-ray in dental 
diagnosis. 

While one may appreciate the (’auses which led to the evolution of 
dentistry as a specialty apart from medicine, and the early advantages 
therefrom accruing to the practice of the art, its separation has been 
attended by unforeseen developments which have impeded the scientific 
progr^ of both. The study of general pathology has been neglected 
by the student of dentistry, and dental pathology by the student of 
medicine. 

Tills illustrates the danger attendant on the study of the diseases of 
any organ or system without an intimate knowledge of their pathological 
and clinical interrelationships with other parts of the body. The pres- 
ent movement to bring dentistry back to its proper place as a branch of 
general medicine, the same as the eye, ear, nose and throa|, therefore, 
hAs everything to commend it. 

The dental profi^ion, to their credit, have been foremost in warning 
of the dangers from oral infection. This, no doubt, is partly due to 
the fact that they are more familiar with the faults and d^eiendes 
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of denw technic and in their routine of work, have luui the b.., ou^r- 
tnnity for observing bad local results 

Btiotogy.-ExciTmo CAUSE.-The mouth is the hahitat of many 
form of microorganism-pathogenic and non-patl.ogcnic bacteria and 
ameba— some being constant and others temporary dwellers. As Miller 
pomte out, the orH cavity pre.sent.s. in point of temperature, moisture, 
nutritive xnflteri&ls, etc., an almost perfect brcedinj^ plnce. 

The poisonous nature of human saliva has been known since the tima 
of Aristotle and Galen, though the first demonstration of mieriHirganbms 
was reported by Van Leeuwenhoek, in lOSa, who deserihf^ five ililTereiit 
kinds of '‘animalcula,” which he found in material between the teeth. 

A Dresden physician, Pincimis. is generally credite,! with bcdnjf the 
first (1847) to attribute dental caries to the action of bacteria, thottirh, 
according to Miller, he was antedated a few years by Krdl. In the fob 
lowing years a number of other investigators, including Tiel>er, Miller, 
Underwood, Weil, Arkovy, Allen, Black and others, puhlishcil artielca 
in support of this view. 

In 1881, Pasteur reported the discovery of the mierococetis of sputum 
septicemia, afterwards identified as the cause of lobar pneumonia and 
named the “pneumococcus.” 

The results of Miller’s investigations, publi.shcd in America under 
the title of ***The Microorganisms of the Human Mouth” (18tM)), fully 
established the bacterial origin of dental carif*^, and pointed out the 
relationship of mouth infections to a number of systemic diaeaaes, thua 


laying the scientific foundation on which has been built our preaent 
knowledge of the subject. He isolated 58 varieties of microiirganiama 
from the mouth, many of which are pathogenic or may readily hecome 
so, and subsequent investigations have increased this numb<fr to over 
100 (Figs. 1, 2, 3 and 4). Aeeording to Miller, caries is due to de* 
calcification of the enamel by lactic acid elaborateil during the oarbo- 
hydrate fermentation of foo<l, indue(*d by m<»ufh bacteria. A diet rich 
in carbobpi^d rates, therefore, furnishes condilions tavorablc to dental 
decay, which opens the way for infection of the pulp by Htreptf»coeci 


and other pathogenic organ i.sms. 

Many investigators have reported the absenc.^ of oaries arnoryg^meai. 
eating tribes, such as the Ksejuimaux, c<*rtjiin Ncrth American Imlians 

Lapps and Icelanders. W. A. Alloc, ic l-Tfi. tl». mcuth« of 

375 men, women and chil.lron emonar a tnl.o '-f Wpiorn 

ont finding a trace of recession of the enn-s or ohsoesH. and I nkerell 

reports a similar immunity among the Maori. n.i». 

Bland Sutton and Miller have fonml earnnorens animals to V rela- 


tively free from caries. 

The work of Schottmuller 
of streptococci, paved the wa> tie 

Hosenow on transmutation.s ' ''‘thin 

groups, and on selective tissue aftinit> . 


in tliib’r.'iitiating vanoim typm 
I brilliant iiiwattgatiom of 

t h»- r**pt ocfvcus I uieuinfK^occuf 
which have so illuminated many 
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Pig 1. — LoNomT)iNAL Section or Decayed 
Dentine, Showing Infection with Kod- 
AND’THBSAD POBMS (After Miller ) 


previously obscure problems j 
focal infection and the inters 
lationshjps of disease. 

Important contributions i< 
oral bacteriology have also been 
made by Sieberth, Goadb^ 
Eyre, Bosenow, Hartrell and 
Henriei, Davis, Price, Gilmei 
Moody and others. 

In regard to the bacteria 
found in infected pulps, root 
canals, chronic periapical in 
fections and abscesses, and 
pyorrheal pockets, as well as 
those responsible for the sec 
ondary local and systemic 
manifestations, there is gen 
eral agreement that various 
strains of streptococci predom 
mate. These streptococci varv 
in type from the ordinary non 
hemolytic streptococcus, the 
Streptococcus vindans and 


Streptococcus mucosus, to the hemolytic streptococcus. Hundreds of 


different strains have been encountered, capable, under favorable ctfl- 


tural conditions or animal pas- 
sage, of transmutation from 
one type of streptococcus to 
another, or into pneumococci. 
The mere presence of patho- 
genic microorganisms in the 
mouth does not mean active 
disease, since a healthy indi- 
vidual may not only harbor 
disease-producing germs, but 
may act as a carrier of infec- 
tion to others 

Hopkins and Lang, discus- 
sing pathogenic streptococci, 
say: ^*We meet with strains 
which grow on healthy or even 
abraded mucous membranes 
without any tendency to in- 
vade or to produce a reaction 
in the host. We ^moet* with 



others which set up generalized 
infections of the most severe 
type, and with all gradations 


Fig. 2.— -Decayed Dentine, Showing Total 

LlQXnEFACnON OP THE SUBSTANCE BY BAC 
TEBiA. (After Miller.) 


Itftweeii thfise two ex- 
tremes/* 

Staphylococcus aura- 
i(S, Staphylococcus alhus 
jind Staphylococcus dire- 
iis, pneumococci, Bacillus 
influenza f Bacillus diph- 
iherice. Bacillus tuherculo- 
sis. actinomyces, etc., are 
also found in the mouth 
at times, either alone or 
associated with strepto- 
eocci, and may be the 
cause of mouth infection. 

In 134 cases of gan- 
grrenous pulpitis, Sie- 
berth, in 1900, found 
streptococci alone in 120 
of the cases. Rosenow, in 
a study of 162 cases, has 
reported streptococci in 131 of the cases. Ilartzcll an<l Henrici found 
Sireptococcusi viridans constantly present in peridental suppurative 
lesions. Aniihal experiments proved them to be of low virplenee but 
capable of producing lesions in the heart, aorta, kidney and joints. 

•Cohen, in 62 cultures from 18 teeth that had been filled from «ix 
months to twenty years by sixteen different dentiHts. Hccured a grow'lh 
of Streptococcus viridans in 60 of them, staphyloeoeei in 16. t^ciated 
with streptococci, and 1 each of Bacillus coli and Banllus aridophilu*. 

Gilmer and Moody, in 16 cases of acute alveolar alw»eesK. 18 eases 
of subacute or chronic abscess, and 8 diseased root-eanals, found strepto- 
cocci as the predominating organism in graded varieties from hemolytic 
streptococci with a wide hemolytic zone in acute eaws, to Sireptacoccus 
viridans and Streptococcus mucosus in ehronie cases. 

Hartzell and Henrici, in the study of a series of acute dental ah- 

seesses, found the staphy* 
iococcus the active or- 
ganism ; while in the 
Kiiidy of material taken 
from 2r>0 infections of the 
chronic nhsc^llks or granu- 
lomatous type, the Strep- 
tocorcus riridam wm 
fount! tf» he the predomi- 
nating organism. 

In examination of the 
pjjn ill t'a.**t‘s of pyorrhea, 
Kyrc and Payne found 
FlO. 4«-^>XNTaBOLOBt7LAS SpACIS PiLLEI> WITH Ml- j^|ypptocOCCa1 types mead 
cimcooct. (After Miller.) 
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frequently, at times associated with BiapKyUcoceus aureus and Micro, 
coccus catarrhalis. 

While most authorities believe pyorrhoea alveolaris is due to 
microorganisms, none of the organisms yet described as responsible for 
the disease has met with general acceptance. It is probable that differ- 
ent pyogenic organisms have a role in the production of the disease. 
The consensus of opinion of competent investigators assigns to the Enta- 
maeha buccalis only a secondary role in association with other undeter- 
mined organisms. 

Modes of Conveyance . — ^Mouth bacteria are introduced from the 
outside world especially by food and drink, inhalation, kissing, on for 
eign bodies, the fingers, infected tooth-brushes and by other obvious 
means. 

Predisposing Causes. — The bacterial content of the mouth is in- 
creased by all forms of uncleanliness, lack of care in brushing the teeth 
and cleansing the mouth, accumulation of food around and between 
the teeth, by tartar or dental calculus, crowns, bridges, pivots. Ill- 
fitting or neglected dentures tend not only to harbor infection, but fre- 
quently to seal it in. Rough or poorly constructed mechanical appli- 
ances cause local irritation and thus predispose to infection. 

Dead and carious teeth, old roots, detached gums and loose teeth, 
themselves the result of infection, furnish favorable local conditions 
for its continuance. According to Black, mechanical strain on the teeth 
— about 1,700 pounds pressure daily — is an important factor in predis- 
posing to infection, a point well illustrated by the proneness to disease 
in teeth* which serve as the abutments of bridges. Hartzell describes 
the piston action of this force transmitted through the tooth to a peri- 
apical abscess and pyorrheal pockets and its effect in forcing the infec- 
tion into the blood and lymph ’streams. 

Among important predisposing causes of oral sepsis may be men- 
tioned : 

(1) Poorly developed, ft, porous teeth or dental defects, as 
holes, cracks and fissures in the enamel (Miller). 

(2) Enlarged tonsils, adenoids, nasal obstruction and other 
causes of mouth breathing; oral deformities, dental irregularities, 
crow^ding, and imp(*rfect occlusion of the teeth. 

(3) Neglect of the teeth during the primary dentition and of 
the mouths of children after nursing, feeding, during illness, in 
early disease of the gums, caries and toothache. 

(4) Insufficient care of the mouths of adults dur^g acute infec- 
tions and prolonged illnesses which reduce the patient’s systemic 
resistance. 

(5) Constitutional conditions, as scurvy, rickets, syphilis, diges- 
tive diseases, tuberculosis, diabetes, Bright’s disease, gout, anemia, 
pregnancy and lactation. Many of these act by producing an acid 
reaction in the saliva (Miller). 

(6) Mercury, lead, iodids, ^rganic acids, adm^iste|:*ed as medi- 
cines, gritty dentifrices, etc. ' ' 




Fio. 6 .— Fmumcai, Infection Assooutib 



WITH U*TAlNr4) iNSTKt^MENT. 



1 10 . 6.~PeRIAPICAL iN'FEOfflON Asso- 
ciATEn WITH Crown, Deep-seated 
Cavity and Pivot Tooth. 


Pici. 7.—rKK»Ai>u\M. IvprmoN 

CIATED WITH DKEP SEATED Tu iTl 



Ffo. 8 . — Periapical Infection RrRROT’\t>iN<; Tihith. 

Septic tooth anterior to it. 



Pm. 9.— Pebupioal Abscess or %’ital ' Pi«. w - I’Efiu .ra Abwess. 

* Tooth. > I’.iij* rj. .uii ..f inmm#. 

. (For (he preparatioD of this serir-* of rr.-^mUni: '.'.riou*. typm of 4«at*l 

i&feetfon^ the atfthot-is indebted to Dr. H. ^ 
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(7) Ezcen of sagat and other earboh^rate jj^oda. 

(8) Trauma and iafaction of tha guntSi from tooth-pi<^8, dui ng 
dental treatment, from rough 0 ill«fitting mechanical applian os, 
the use of rubber dams, and o^er causes producing irritation or 
local injury to the tissues. 

Pathology.— Mouth infection usually begins about the teeth, either 
after exposure of the pulp by caries, or as a gingivitis extending along- 
side of the tooth, and involving the pericemental membrane as in pyor- 
rhoea alveolaris. Miller’s researches show that caries is due to decaleifi- 
cation of the enamel and, afterwards of the softer dentine, by acids elabo- 
rated by lactic-acid-producing mouth bacteria. 

Once the dental pulp is exposed it becomes infected by streptococci 
or other pathogenic organisms and if the process is not cheeked, it 
extends through the apical foramen and involves the pericemental mem- 
brane and adjacent bone (Figs. 6 and 7). The injury to the pulp by 
the infection, the pressure on the vessels by swelling in the non-elastic 
pulp cavity, and the cutting off of the blood supply through the apical 
foramen, lead to death of the pulp and thus the destruction of an im- 
portant source of the tooth’s nutrition. The process often proceeds to 
pus formation (alveolar jbscess), which may make its way to the sur- 
face in various situations or remain as a chronic * ‘blind” abscess. Hart- 
zell believes that pulp infection, in the absence of caries, frequently 
occurs through the exposed gingivodental angle. He has a record of 
150 teeth which were absolutely sound as far as the enamel was Con- 
cerned, but the pulps of which had been destroyed by infection, and he 
quite often finds teeth, the pulps of which are undergoing profound 
infiammation without having been exposed to decay. In rare cases peri- 
apical abscess may be secondary to the systemic infection, especially if 
local injury or irritation has reduced the tissue resistance (Figs. 9 
and 10). 

If the pericemental membrane jemains intact, it may be sufficient to 
nourish the tooth in which the pulp has been destroyed, but if it be- 
comes much involved, by extension of the apical infection or by pyor- 
rhoea alveolaris, the tooth dies and remains a septic foreign body in the 
alveolar socket. Under these circumstances extraction becomes necessary 
in order to remove the septic process. 

If the condtion is treated early, before the Infection extends through 
the apical foramen, the dead or infected pulp cleared out, the cavity 
carefully disinfected and the root-canals properly filled, the septic process 
may possibly be eradicated and the tooth saved. 

Experimental investigations by Weston A. Price, as to the efficiency 
of medicaments to sterilize the pulp cavity and canals, indicate tlfat this 
is a muclr more ^ficult procedure than dentists have realized; such 
treatment frequently fails, and the present dental technic, he believes, 
will need to b| completely changed. 

The fate of the tooth depends upon preventing the extension of the 



Fiob. 11-17.— Periapical Ikpection A 
RooT rAN.u. Fill 
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Mection ihrotigli the apical for^n, the development of periap.cal 
abscess^ and destruction of the pericemental membrane. 

Begreei^ of periapical involvement, short of pus formation, ma> be 
compatible with healing, but, unfortunately, due to careless technic, the 
use of corrosive drugs, such as arsenic, or gas-produoers, as hydropen 
peroxid, creosote, or as the result of trauma, or failure to sterilize and 
properly fill the root-canals, abscess formation frequently occurs If 
the tooth is vital, most dental authorities, while admitting the difiiculty 
of the problem, believe that conservative treatment may be successful. 
Much depends upop the patient general health. 

Authorities generally emphasize the extreme importance of proper 
disinfection and filling of the root-canals in forestalling serious peri- 
apical infection. At all times a difficult an^ tedious procedure, it is 
especially so when the canals are small and tortuous (Figs. 11 to 17) 

The Wring of root-canal technic on infection is well illustrated by 
A. D. Black’s roentgenographic investigation of 600 cases, in which ten 
films were made in each case, which showed only 9 per cent, of abscess 
in teeth with good root-canal fillings, contrasted with 63 per cent, in 
teeth with poor root-canal fillings. 

Much confusion has arisen from the common use of the term ** devi- 
talized,” by dentists, to describe a tooth from which the pulp has been 
removed and thus rendered insensitive to painj but, strictly speaking, 
if the pericemental membrane remains intact or has not been seriously 
involved, the tooth may still receive sufficient nourishment to maintain 
a degree of vitality so that a so-called devitalized tooth is not neces- 
sarily a ”dead” tooth. 

Dr. A. E. Webster differentiates a pulpless from a dead tooth and 
outlines the best procedure in each case, as follows: 

”A pulpless tooth is one in which the vitality of the pulp has been 
lost. To determine the vitality or non-vitality of dental pulps, one 
must consider the history of the tooth, its color and translucency, pres- 
ence or absence of tenderness of the pericemental membrane and re- 
sponse to changes of temperature or to electric current. Even with these 
cardinal signs and many others of less value it may almost he impossible 
to make a differential diagnosis. 

”A pulpless tooth may remain in the mouth, performing its normal 
function for years, without the slightest injury to its owner, 

”The value of a tooth is determined by the condition of its peri- 
cemental membrane. If the latter is normal, the tooth is never the 
source of systemic infection. While a pulpless tooth never has a normal 
pericemental membrane, it does not follow that it is a source of infection 

^^Al periapical infection can be cured without extraction, provided 
there r is enough pericemental membrane to retain the tooth andvnake 
it useful. If one-quarter of a root, however, has lost its pericemdntal 
membrane, it is useless to apply any sort of treatment except extraction 
and curettement. 

”A dead tooth, on the other hand, has n^t only lost the vitality of 
its pulp, but also that of the dentine, cementum and pericemental mem 
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In ane. Tile tooli dead in toto, is to all » j 

fisii subattftce, is porous, permeable to bacteria mid 

is always demanded. «"<i therefore e^raetion 

“To difference a pulpless from a dead tooth, the Imtorv is of 15r.t 
Diiportance. A tooth giving a history of several atta.i- «r’ \ 
dontitis, the rwt-ctftials of which have no, beei orni, r' 
and filled, which has lost its usefulness ihant^ed ‘ ' 

ridge, is of a gray-greenish color, MntS peHer™ T: .T 

or less detached around the neck and ha.s a local are, o? r " n^' of 
the mucoua membrane covering the root, is surely a deed t„oT A 



skiagram is of value in corroboration of the diaLmosis, but is not eNsen- 
tial.” 

t)ead and pnlpless teeth must always be reeopniztd as j^otentially 
dahgerous, the more so since periapical ab.seess may develop without 
pam or other evidence of its presence. Ilordt^r say.s : ‘ ‘ Vejy few dentists 
are themselves alive to the fact that a dead tootli wliit fi i« tinnly held 
fitid which shows no suppuration may be the main factor in fine nr other 
f>f several diseasp processes^’ — an opinion with vvhifdi experii need clini- 
cians will agree. According to Rhein, the most insidious and dangeroui 
type tif infection is that around the root, with nf» pus formation and 
no sj^us^ j^own as a ** dental granuloma.” 

Tovell made roentgenographic films in -^1 ‘'f the author s senes of 
cases, including in all 3,2-76 teeth. Of the prfniou.-ly treated teeth, 
1468, or 73 per cent., showed evidence of disease, either by definite pm* 








Fio ^<5 Fio 26 

Flos 22-26 — Ptosrhcea Alvdoiaris 


apical abscess or marked changes in the pericemental membrane Of 
the non tieated teeth, 331 or 4 per cent., showed evidence of periapical 
involvement (exclusive oi pyorrhoea alveolaris) 

In the examination of films of 1 000 medical cases in office practice 
Duke found evidence of bone absorption in 81 per cent of non vital 
teeth Ulrich states that 70 per cent of artificially filled teeth are 
septic, and Leonard found 60 out of 100 cases In a mpnth containing 
devitalired teeth — crowns bridges and pivots — the pr^mption, there 
fore, 18 greatly in favor rather than infcption 

I^ctically all roots and snags hti after decay or extraction are 
septic Duke’s roentgenographic investigations showed evidence of m 
lection tk 93 per cent, and relatively marked in 67 per cent. (Figs. 18 
to 21). 

Extension of infection alongside the teeth, separation of the gums 
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fiXAMIMATION OF THE MOUTH 


Jestrncti^O* the membrane an<i involvement of the tooth 

.ocket above, M in ^orrhoea alveolaris, U a more obvimm pro,^ 
of dental disease (Figs. 22 to 26). 

The rarity of fining an adult mouth free from all eviaeneo of in- 
fection is emphasmed by many inveatipators. Gilmer has stated that 
75 per cent, of adults have chronic infection involving the mariHary 
bones. 


In A. D. Bla<ar's series of 600 cases, be found evii^cnce of infection 
about the teeth in 50 per cent, of those between ‘20 and 21 years of age; 
64 per cent, in those from 25 to 29 years; 88 per cent, in liiow' U'lwecii 
30 and 39 years; 90 per cent, in those between 40 and 49 years and 
98 per cent, in those 50 years or over, indicatinjr the increasing infer* 
tion with advancing years. This is counterbalanced, however, hy ex 
tractions though all persons with extensive or complete ext racoon* have „ 
obviously at some time suffered from serious mouth infection. Abaceiiaes 
may be found around unenipted teeth (Fig. 57). 

Serious oral infection certainly has increased with the development 
of mechanical dentistry, where the teeth are buttressed and infe<*tion 
is Sealed in. Chronic periapical abscesses are dangerous, as they are 
accompanied by little reactive inflammation to wall off the infection, the 
f)U8 accumulates under tension and, according to Rosenow and Billings, 
the conditions as to oxygen tension and other factors are favorahlr for 
transmutation of the streptococcus to the types capable of inflection, 
and the acquirement of a selective afflnity by which distant organs or 
tissues are involved. 

To indicate the extent of diseased tissue in oral aepsis. Ilartxel! 
has stated that if each of the 32 alveoli ami 30 interdental spaces 
through which infection in the adult may occur had pyorrheal involve- 
ment to the depth' of Vi inch, it would represeiif an ul(*crating surface 


of 1^2 square inches. 

Bxajuiuation of the Mouth. — This is of the gre/it»*st impurtanec ami 
should be part of the routine investigation of every patient. atUi <‘sjHfcially 
in all chronic diseases. In the mouth of an individual e(uitai*iing pulp- 
less teeth, . crowns, bridges, pivot teeth and fillings, as hc*forc atate^ 
experience bears out the presumption of tvftritov rather than its ah* 

sehce (Figs. 27-44). , . , .. 

The degree of sepsis around dentures and <»ther meehnrneal contriv- 
ances, carious teeth and old roots, espceudly where ZaminJr* 

been b«dly done or neglected, is at times appalling ‘I*; 

Many patients kave absolutely no painful loi-.-d . AnwOg 

tensive*^ oral disuse and often few nl.v.ons s.,.,s „ , mble. 
the wealth/ and well-t,.do who have -- - 

fully and have l»d the most J m super, 

on^ tto degree of oral ..rious than in the 

6cial, etnmination, m „? ..„th therefore, the surronad- 

^le^««ontI» of the poor. Evf ^ cervical 

iug gpiiKUi, the mucous membrane of th 



FlO. 27. — INFBCTIOK OF ABUTUENT. 





vm. 84. Fio. 35. 

Flos. 28-35 7 — Pebiapical Ikfbctiok Absociavbo with Ceowned Teeth. 
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lymph^Bodes, ^onld be examined in a food by inspection . nd 
palpation. 

A characteristic sweetiah, offenrive breath, lonl tongue, awelling j.nd 
purpUsh-red discoloration of the gums; thickening of the alveoli around 
certain teeth beyond the general contour, smaH fistuloua openings, scars, 
or tags in the mucous membrane over the apices of the alveoli ; dark or 
carious teeth; the escape of blood and pus on pressure, separation or 
recession of the gums, local irritation from ill-fitting dentures, crowns, 
bridges or pivots; whitening and thickening of the mucous membrane 
of the mouth ; calculus deposits ; miliary enlargement of the submucous 
lymph follicles, small ulcers; enlargement or tenderness of the submaxil- 
lary lymph-nodes, at times of the thyroid gland; stomatitis, tonsillitis, 
pharyngitis and hypersecretion of the throat, are conditions worthy of 
attention in directing further examination. Every doubtful tooth should 
be tested for its vitality by heat and cold, as also by the faradic current. 

When the physician discovers evidence of trouble or has reason to 
suspect it, the patient should be referred to a competent dentist for 
more complete examination. The final responsibility for the patient’s 
general health, however, rests with the physician and he must be satis- 
fied only with the most complete and trustworthy investigation. 

Experience teaches that in a mouth with fillings, crowns, bridges and 
pivots, a superficial appearance of health does not warrant the exclusion 
of even the most serious periapical infection. Therefore in all such 
cases roentgenographic examination should be made and repeated from 
time to time, especially if evidence of systemic disease develops. 

X-BAY Examination. — The routine use of the x-ray in the diagnosis 
of periapical abscesses or granulomata, cysts, pyorrhea pockets, osteitis, 
retained roots, pulp stones, unerupted teeth, filling of root-canals and 
sinus disease, is of great value. It is also of use in directing dental 
treatment and in following the results obtained. 

The making and interpretation of roentgenographic films requires 
skill and experience; self-confidence and dogmatism characterise the 
tyro, not the trained observer. 

It should be borne in mind that the x-ray depends for its results 
upon variations in density from the normal, due to the processes of 
disease, so that in the early stages of infection or where there is slight 
tissue change or local reaction, the results of infection may not be 
demonstrable by this means. 

The r-ray by itself cannot distinguish an active from a quiescent 
lesion or rarefaction due to drugs, nor an apical granuloma from an 
abscess. MacKee says, **An apical shadow simply signifies decalcifica- 
tion from any cause.” In general, it shows the minimum rather than 
the maximum amount of trouble. 

To minimize errors, it is often necessary to take the films at dif- 
ferent angles. The varying thickness of the alveolar processes, th<‘ 
overhanging antrum and the presence of the mental foramen, present 
technical difficulties which must be borne in min<£ 
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findings ^*not wrant, ^^eVhaJpens 'onr"pr‘‘'"' ""f"*''*’ ^ ^ 

wliieh ahowsd no evidence of bone absornti”on^r™*f“' ‘'**’*' 

iiifreqnently Btrepto<tocoi mar be cultivated 
the roentgenograph showed L 

of abnormal roentgenographic areas tt,»r r ” * trouble. Alwenee 

n.ean that the tissnfsarfSy ' 

In arriving at a diagnosis, the opinio,,., of the ph,..,ieia,., the de„t«. 



Pio. 45. 




Fig. 46. Fio. 47. 

Figs. 45-47. — Masked Fekiapical Infection Associated with Systemic 
WITHOUT External Evidence of Disease on Iam ,vl IS'-ii’Etrrjtis 


and the roentgenologist should each be jriven diH* consideration. As 
Eisen and Ivy state, we are never warrantcfl on r«>f’ntj?cnogni|»hie 
examination alone in hazarding a clinical or pathological diagnosia. Mer^ 
ritt also says that serious secondary infections may r^'snlt fnon a non* 
vital tooth which roentgenologically appears to n«>nnal, and that to 
attempt to make a diagnosis or to outline treatment based i»ri aiich 
examination is never wise, for not f»nly is it likely to ts* wrong, but it 
^^ay seriously mislead the clinician. 

Neither does the size of an abnormal area bear any definite rctatiou 
to its pathological importance. In iinhvidun} < a-ev, inu« h ditbculty aritci 
in the interpretation of the significarn'c of .•‘light degrees of rarcfactifm 
bone or thickening of the pericemental membrane. 

The importance of minor degrees of infection, tlicrcfore. nntist not 
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be overlooked. Bven a eingle infected tootii isji a aaseeptible indivii. ]ai 
may suffice to produce general symptoms, or to prolong them, if 
ready present. This applies especially to doubtful teeth, utilized hy 
the dentist, for mechanical reasons, as the abutments of lodges or to 
hold artificial dentures in position. The author’s experience leads hiin 
to believe that pivot teeth are especially liable to be the seat of infec- 
tion, even more serious than is indicated by roentgenographic exaini- 
nation. 

Moorehead points out that partially healed and residual infections 
may be as dangerous as before treatment. 

Relation of Oral Sepsis to Systemic Disease. — ^While individual phy- 
sicians in the past have directed attention to infection of the gums 
and teeth as a cause of systemic disease, the majority of physicians and 
dentists have failed to recognize its importance. Miller, in 1890, wrote • 

‘‘It 18 a well-known fact that the infiammatory processes in the tooth- 
pulp, pericementum and gums, brought about by a diseased condition 
of the human teeth, lead not only to obstinate neuralgias, but also to 
severe diseases of the eye and ear, to eruptions of the skin, spasm of 
the muscles, etc. • 

“Cases of spasm of the facial muscles, lockjaw, convulsions, spasm 
and paralysis of the ciliary and other muscles of the eye, strabismus, 
ptosis, lagophthalmus, epiphora, ectropion, asthenopy, amaurosis and 
amblyopia, mydriasis, myosis, glaucoma, cataract, keratitis, retinitis, con- 
junctivitis, panophthalmitis, otitis, thrombosis of the sinuses of the brain, 
eczema of the face, indigestion, nervousness, epileptic attacks, paralysis, 
etc., proceeding from decayed teeth, come to our notice, many of them 
repeatedly, in dental and medical literature. . . , The custom of many 
physicians to disregard dental diseases altogether as a factor in pathol- 
ogy, is as unjust to their patients as it is discreditable to their profession, 
and no physician can afford to be without a thorough knowledge of the 
pathological processes occurring in the human mouth and their relation 
to general diseases.” 

Especially since the publication of William Hunter’s work, in 1900, 
has the subject received the attention of many investigators in both 
medical and dental professiona. Literature has multiplied and the pres- 
ent tendency is to go to extremes in attributing, often on insufficient 
evidence, all sorts of ills to this cause. 

Oral infection of varying degrees is so comnuon, and therefore of 
necessity frequently associated with whatever diseases the patient suffers, 
that its etiological relationship in a given case requires the most critical 
investigation, if we are to escape the pitfalls which beset post hoc rea 
soning. 

Sufficient reliable data, both clinical and experimental, have accu- 
mulated, however, to show that focal infection in the month is frequently 
the cause of general disease. Further investigation and clinical ex- 
perimme are necessary before entirely trustworthy conclusions are 
reached, yet there can 1m no doubt of its practical importance to thq prac 
titioner of medicine and dentistry. It is not too much to say that inves- 
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tlw la«t ten years have revolutionized dental technie and 
h.ve opened np a«,y new lines in the diagnosis and tmZnt of 
disease. 

In umi^ instances, mouth infection may exist for vean. without 
definite ^dence of ill health, though careful inquiry and examina- 
tion will dmeover m home, who consider themselves in giiod health vari- 
ous complaints TOch as rheumatic pains, slight grating in certain joints, 
neuritis, n^ositis, tonsillitis, lumbago, digestive ailments, nervousnem 
and other danger agnals of disease, awaiting the morbid opportunity 
when resistance is lowered to develop more seriouH symptoms. 

The most complete clinical and experimental invest igrat ion* of the 
relationship of dental to systemic infection are those dealing with cardio* 
vascular, renal, arthritic and muscular lesions, eertain disease* of the 
nervous system, the eye, alimentary tract and gall-bladder. The rtla- 



Pio& 48 AND 49 . — Extensive Pyorrheal and Apical IsTimoN or Long Btakoino 
IN Male Patient, Aged 63, with No Systemic Symitoms Excrit Rtraxt 
Lumbago. 

tionship of oral sepsis to skin lesions is suggested largely on clinical 
observations of their association, and improvement after dental treat- 
ment. 

Chronic oral infections are usually of a low grade of virnlenee, often 
sealed in, and extend over a long period. To study the evolution of 
such infections and to appreciate their various clinical manife<^iation*, 
they must be followed for a long time, the .same as syphiliM and tuber- 
culosis. Private practice, therefore, offers a bettfT opportunity for their 
study than hospital practice. A careful clinical histfjry in each ease, 
with special reference to previou.s ailments or disease, is of the greateit 
importance. It is characteristic of oral infections that, as a rule, 
do not produce a single systemic lesion, but often a gnuip ^ 
conditions, usually not all manifested at one time, but wbie *p^* 
as phases of a long period of ill health. T'M -Cn'^of 

multiple lesion is also shown jr.pfoc.Kwi 

young rabbits with dilute ap.cal ,m.s m 

m the myocardium, suppurative artbi it ^ ^ Rosenow. 

TObcapsnlar tissues, stomach wai.v 

Hartzell and others have reported mui • . . ,^,aWi,hcd by 

31 comraOn clinical manifestation.s in o 
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oral fiepdis, and Osborne also empitaskes the tendeney to prod\i ^ 
multiplicity of diseased eonditions. This pmat is wl! illustrateo in 
notes selected from the histories of the writer’s series of over 450 ( ases 
in private practice, in which certain characteristic disease groups re- 
peatedly recur, of which the following is an instructive example : 

Case I.— Mrs. P.: age, 30 years; seen on Dec. l‘ 1916. Patient (om- 
plained of neuralgic headaches, mostly on left side; has suffered fiom 
bad colds; numbness and heaviness on right side of body; attacks of 
urticaria; rheumatism; sciatica; was depressed and nervous. At time 
of examination patient was pale, hemoglobin 70 per cent.; skin dry; 
tongue very coated; breath offensive; had chronic phamygitis and ton- 
sillitis; teeth very septic, though she had visited dentist regularly and 
on superficial examination mouth appeared well kept. Dr. McDonap^h 
made aj-ray examination and reported left upper second bicuspid, left 
upper cuspid, lateral and central, all septic, and left first bicuspid doubt- 
ful. There were sinuses opposite the left upper lateral and the posterior 
molars, through which pus could be expressed by preSfeing on the left 
side of the roof of the mouth internally, and on the left side of the 
nose about the angle of the eye externally. Oh extracting the teeth, 
the antra on both sides were opened up and discharged pus ; x*ray ex- 
amination also, showed extensive necrosis of the alveolus. The antra 
eventually closed up satisfactorily. During early part of treatment, 
after extraction of many teeth, patient’s health deteriorated; she lost 
weight, became very weak, scarcely able to walk, but began gradually 
to regain her health. Wassermann was negative. 

March, 1918. — Weight, 117 pounds; hemoglobin 95 per cent.; patient 
has been sleeping fairly well; complained of tiring out readily. Cod« 
siderable involvement of bone still remained, but it was deemed best 
to temporize, as she was improving. While on a holiday in Atlantic 
City she became very nervous, did not sleep. On her return to Toronto, 
an examination was made on May 1, 1918, with the following findings ; 
her weight was 112 pounds; she* complained of numbness in the whole 
of the right side of the body; jerking and twitching; eyes were bright 
and slightly prominent ; she had thyroid enlargement, especially involv- 
ing the middle lobe. 

May 11, 1918.— Patient feeling better; pulse still 120; very nervous; 
marked tremor and thyroid enlargement. Tonsils small, buried; pus 
readily expressed from crypts. Streptococcus viridans in cultures. 

June 18, 1918. — Tonsils were removed and, in October, thyroidectomy 
was performed. Since these operations, the patient has greatly im- 
proved, though there is still evidence of infection in the upper maxil- 
lary bone. During her prolonged illness the following conditions were 
manifested: oral sepsis, tonsiliitis, rheumatism, sciatica, double antral 
suppuration, eczema, urticaria, nervous exhaustion, exophthalmic goiter, 
anemia (70 per. cent, hemoglobin), albuminuria (slight) (Pigs. 50 to 54V 

The increase of eertaiii diseases, coincident with the development of 
medianieal dentistry, has been suffiekntly noticeable to attract the at 
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teution the laity, and opens an important Utr 

gation as to the l?esponMbility of oral infection in this eouncction, Ac» 
cording to Bhein, statistics show that the death rate in the I'tnted 
Slates in infancy, adolescence and early middle life has been steadily de 
creasing^ whereas at older ages, diseases of the heart, blood vessels.’ kid* 
iieys, etc., have practically doubled in tlie past 10 years, or during the 
period since conservative treatment of tin* di-ntai pulp has repla«'e<l 
extraction. In Great Britain, on the other iiand, where tins treatment 



has never been extensively used, the mortality in advanced }v»rn ha« 
shown a slight decrease. , , „ 

Focal infection in the mouth is a fre<iu<-t.t cause "f 
the cerrical and mediastinal lymph-nodes, especia y in c m ^ ^ 

and even fatal glandular fever may o.-eor. "S 

and animal inoculations show that infection ij , ti,, 

and atreptocoeci is common. Pus formation m 

glandular condition may clear up after rcmoui " ' ntillings). 

but at times it persists as a ^ 

Odenthal found glandular swellings ... !«» P"'’;' ' . " ' j. 

marked oral infection (abscessed teeth', compare, i v.th 49 per cent 

those with sound teeth (Fig. 55). ••Severest Anemias," 

Bn(H».-William Hunter, in ""7, ^eio.'s type was infective in 
advanced the theory that anemia of the t , j f , i„f«.ti<aw la 

origin and freqnently due to oral sepsis ( t.r 



m Oeaii mT&js 

the giU*bladder, heart and idaewhere are not liifreqnentfy aesooa^ d 
with severe grades of anemia. While Hanter^s idews have not met h 
general acceptance, the importance of infeetSon as a cause of anemia is 
receiving more attention on the pa^ of clinicians. In general, me 
improvement in severe types of anemia after the removal of focal in- 
fection in the mouth, has not been sufficiently pronounced to strengthen 
Hunter’s views, though it must be recognized that the failure to mi 
prove may be due to persistence of secondary foci, or to injury don^ 
before the primary focus was eradicated. Potter, McNeill and Brad 
bury in the investigation of 25 cases of oral sepsis, did not find anemia 
a characteristic feature. In the examination of the blood of 162 cases 
Logan found pronounced anemia only once and moderate anemia in 
frequently. Leukopenia was more constant than leukocytosis in pyor- 
rhoea alveolaris, whereas leukocytosis was present in 47 out of 52 cases 
of periapical infections without discharging sinuses. In the writer’s 
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Lyhph nodes. 

series of 450 cases, extreme degrees of anemia have not frequently 
been met with, though a moderate reduction of hemoglobin — from 10-30 
per cent. — ^has been a common observation, being noted in 17 per cent , 
an experience in keeping with that of most other clinical observers. 

Respiratory System. — ^An^^alveolar abscess may rupture into the 
nasal cavities or antra, or oral infection extend to the ethmoidal or sphe 
noidal cells or the frontal sinuses : rhinitis, nasopharyngitis, and tonsilli 
tis are common, often accompanied by a sensation of drjniess, redness and 
hypersecretion of the throat; retropharyngeal abscess may occur. In 
the author’s series of 450 cases definite tonsillar infection was noted 
very frequently, and laryngitis, tracheitis and bronchitis may result h} 
extension downwards of the throat infection. 

In cultures on blood-agar from the tonsils in 209 of the author’s 
oases, K. W. Mann found streptococci in 138 (non-hemolytic in 83 
hemolytic in 5, viridans in 34, type not stated in 16) ; Staphylococcus 
aurew in 20; and Staphylococcus alhus in 89; Siaphyloeocotis aureus 
alone in 6; asspeiated with other organisms in 14; Staphylococcus dlhv^ 
alone In 49; associated with other organisms in 89. The tonsils wert 
Often atrophic and concealed, at times mere tags or stumps, left after 
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operatioa^ but oii pressare, pus would exud<> from tho vrvnu or ni*ri 
to^Ilar tiasne. Pj^nently the patient oomplaine.1 .,r 
and m a saperficial examipation of the throat ih.- tro„t,U. .uiehiTad' 
ily U ^erlook^. In many cases, where previous elippi^; f'' ' 
s,U had been done, tte resnltinp »..ar tissue had oeelmi^d the „rZ 
mgs of the crjTta se that pus was sealed in under it, though tl.e suX^ 
showed no evidrace of infection. It seems certain that tonsillar in- 
fection w vety frequently secondary to dental infection an.l that the 
latter should cleared up before resorting to fnnsillwtomv. An attack 
of tonaiUitis is frequent after dental tnatmenf. Oral infection mav 
cause redness and swelling, to p,>rsi.si about the fames ami pharvni 
after tonsillectomy. 

The importance of septic conditions in the month and throat in fur- 
nishing the conditions for mixed infections in diphtheria, scarlet fever, 
etc., is very important. 


Persistent bronchitis will improve or disappear at times after ex* 
traction of septic teeth. In a case of ^yanjrrcnc of the hm(r« arul putrid 
bronchitis, Leyden and Jaffi* found elements in the sputum which mt)f' 
phologically, as well as in their reaction to iodin. were i<lentic»l with 
those which occur in the mouth. Some authorities report pletirisy and 
empyema due to oral sepsis, and llorder mentions influeiuta, pnrti* 
monia, bronchopneumonia, septic bronchitis and asthma. 

Case II.-rR. E. : age, 26 years; railway man. At 5 years of age, 
patient had meningitis. Asthma began 1900. and he has ha<! it ever 
sinbe, save during 1915, when he was laid up all year with rticuwatism 
in joints, throat, eyes, tongue; partial ankylosis of jaws ami nodositiex 
of middle fingers of each hand. Blood pressure. 12H-78. Hemfdytie 
streptococcus in tonsils. 

September, 1918. — Patient reports very marked Improvement fob 
lowing removal of tonsils and septic teeth. 

During his illness tlie following diseases were presented : oral 
tonsillitis, asthma, rheumatism, urticaria. 


The author, with S. HowtII, of Welland, saw’ a prolonged, atypical 
right-sided pleurisy, accompanied by fever, <‘hills and sw'eafs. There 
was suppuration about an upper left in<»lar from which a stream of 
pus could he expressed. Recovery promptly Jollowed extraetinri. 

Pneumonia may be due In e.xtension •*! a hrojclatis. to aspiration 
of septic material or to heinatogciiou.s inf'ction. Th»‘ fact that pneu- 
mococci and streptococci, mutually tran''ninT{d)le tavauWm**, are com- 
mon inhabitants of the mouth, su^rgest^ tlo* latter a of ontry of 
infection, not only in lohar pTieumonia due to pnemnoeoeei. hut in easrffa 
with mixed infection. The frei|uenr o<MMirrr-n-e of Stnpturornn 
dans, associated with pneumoeoeei. liat /co or other 

in severe types of epidemic pneUTnonia. a- ^-ported n or, . ae 
and others, is significant. 

Case III.— In AprU, 191fi. » »«-• year*, 

was seen by the writer and Dr. Th-l], of Nor r. t 

VOla. I.--*26. 


jraet 


jcfdiv moribund 
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with acut6 pneumonia. The patient had never before been seriou ly 
illy though the condition of his mouth was horribly septic. Some tiut^e 
days previously, he had had a small epithelioma removed from the fir or 
of the mouth, the surgeon at the same time es^acting 3 or 4 loose sepi ic 
teeth in the upper jaw. He died on the thit^ day, and cultures from 
the tooth sockets and the operation wound shdSived BUrepiococcus viridans 
and a diphtheroid bacillus, and from Ihe right lung a pure culture 
of Streptococcus viridans. Blood cultures were negative. 

Case IV. — More recently a vigorous woman, aged 35, died from a 
massive, double bronchopneumonia of the cyanotic type, 6 days after 
extraction of a septic tooth. At the time of extraction a small abrasion 
of the lower lip occurred, which was followed by diffuse swelling, ex- 
tending into the submaxillary region. She also developed extensive gin- 
givitis, osteitis and osteomyelitis of the lower jaw. 

Tuberculous infection of the submaxillary and mediastinal lymph- 
nodes of oral origin, with the possibility of secondary pulmonary in- 
volvement, should be borne in mind. Oral sepsis may be an important 
source of mixed infection in pulmonary tuberculosis. Many clini- 
cians have noted asthma associated with oral sepsis, and its improve- 
ment after dental treatment. It is usually attributed to anaphylaxis 
from increased absorption of bacterial or disintegrating tissue pro- 
teins in a patient previously sensitized by the infection. 

Digestive System. — coated tongue, foul breath, salivation, bad 
taste, various forms of stomatitis, pharnygitis, gingivitis, ulcers on .the 
mucous membrane of the tongue, gums, lips, cheeks, soft palate and 
fauces may result from oral sepsis. Nausea, flatulency, epigastric dis- 
comfort, hyperacidity and other symptoms of nervous indigestion are 
common. 

Gastric disease may be partly due to deflcient mastication from loss 
of teeth, but the swallowing of pathogenic bacteria and hematogenous 
infection are of much greater importance. Hunter describes a common 
form of ** septic gastritis” due to swallowing of pus, the bacteria in 
which, owing to perversion in the gastric secretion, are not destroyed, as 
in healthy conditions. Roiitenow’B investigations and experiments re- 
lating to gastric ulcer would attach more importance to hematogenous 
infection with septic embolism — a view which now finds more general 
acceptance. Gastric and duodenal ulcer, appendicitis, colitis, pancrea- 
titis and cholecystitis may all be due to oral sepsis. 

There can be little doubt that proper care of the mouth will lessen 
the frequency of these diseases, make them more amenable to medical 
treatment and thus lessen the frequency of surgical operations. Cases 
with a history such as the following are common: 

Case V . — K vigorous man,* age 45 years, had suffered from recurring 
attacks of hyperacidity, hunger-pain and other symptoms suggestive 
of duodenal ulcer, the diagnosis of which was confirmed by x-ray exami 
nation. Operation was advised, but before having it done, he had hi« 
aeptic teeth removed. He began to improve immediately, and eighteen 
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:aonthB inter was accepted for life insurance, beinir 
uieantimc and free from all digestive symptoms. 


perfectly well in the 


There can little donbt that re.inf.ciio,, fmm ,1... month or 
ig a cause for the recuw^ce of attacks or rfcni(lesccn(*e of svmiitome 
of gastric and duodena! ulcer, gall-bladtler iiift^ctions and appendicitis 
It also furnishes a satisfactory explanation of the frequent clinical 
association of these diseases. 

C^es of marked enlargement of the liver itself, associateil with re- 
cun^nig attacks of jaundice, fever, etc., occur. A recent case is as follonii ; 

CaseVI.—R.S.! age, 62 years; lawyer. On August 11. 1917, patient 
had*feig^ up to 103“ F. (39.4“ C.) ; frequency of micturition, Xom of 
weight; from 165 to 125 pounds; chills; hepatic dullness from 4th rib to 
level of umbilicus; bile-staining of tissues. Never bad any tenderneas 
over the gall-bladder area. Three years ago prostate was removed and 
several vesical calculi with it. Now shows extreme oral sepsis. Patient 
failed to respond to prolonged rest in bed with medical treatment and 
physical condition precluded gall-bladder drainage. 

Teeth removed by Dr. Harold Clark, September 25, 1917; ff>llowed 
by extreme collapse, cyanosis and torpidity for a couple of days; a 
recurrence of chills and fever; blood culture proved sterile. Couditimi 
subsided somewhat, to recur later with slight jaundice and bile in the 
urine with each attack. By February, 1918, patient was much imprftved ; 
liver had receded to costal margin; heart sounds improved; bloiwl prea* 
sure 100-80; and jaundice gone. Recently a Iroublcsornc attack of 
lumbago and sciatica has confined him to the bouse. Tonsillitis (Strfp^ 
tococcus viridans) in the stumps left after a tonsillectomy, probably ac- 
counts for the recurrence of symptoms. Tlie tonsils have com- 
pletely removed, with amelioration of sy mptoms. 

During his illness the following diseases were presented: oral 
tonsillitis {Streptococcus viridans), cholanffifis, nfsfitis, myoc.ardi<il 
weakness, hypotension, 95-75, lumbago, sciatica and alhuminaria. 


Spastic constipation, intestinal flatuleney and discomfort, recurrent 
attacks of diarrhea, and mucous colitis may occur secondary to oral 

sepsis. . 

W. D. Miller says, *‘In all troubles of the digt^stive tract, fem much 
care cannot be bestowed on the antisep.sis of the mouth. 

In the author^s series of cases of oral w‘psis there were 1.) pres^n mg 
digestive disturbance, in which were inelude<l 16 cases o 
duodenal ulcer, 5 of gall-bladder and liver infection, and of appendi- 
citis. * 

CaBDIOTASCDLAB SysTEM.-THo relations), ip »f ^ 

rheumatism and its cardiac complications lias ’"'■".'’'“y 
If tonsillitis is frequently a result of oral -I’"" ; ^ 
commonly found in both, we mnst reeofrni o- 1 1 . pos i o 
teeth dirLly, or indirectly thron.oh (li- 
vascular disei«e»— endocarditis, pericarditis du 
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cdiniciAns have reported such cases. The Stf^toccc^us viriduTis, as 
shown by Rosenow, LibmaHy Border and others has a special predilection 
for the heart, where it frequently causes a chronic^bacterial endocarditis. 
Kiotz has described a form of aortitis due to the game organism. 

In cases of chronic myocardial insufficiencyi^ with or without hyper- 
tension, improvement of the cardiac and gelieral symptoms frequently 
follows on clearing up an oral sepsis, as in the cases reported by Babcock. 

Case VII.— J. G. : male, age, 37 years ; steamship agent. Referred by 
Dr. Solway, November, 1917, Insomnia, severe cough for 6 months, weak- 
ness and diarrhea. Mitral systolic murmur. Apex in 6th space in mam- 
mary line. No cyanosis. Temperature, 101.4® F. (38.6® C.). Teeth in 
poor condition; gums very septic looking; tonsils swollen; pharynx red- 
dened; shoulder joints show marked grating. Later confined to bed 
with temperature up to 102® F. (38.9® C.), and Streptococcus viridans 
was recovered in pure culture from the blood and also from pus around 
4he teeth. A few weeks later the patient died. 

During the course of his illness patient experienced the following; 
oral sepsis f tonsillitis^ infective arthritiSy mitral jdisease, bronchitis. 

Hypotension occurs at times, possibly, according to Billings, as an 
anaphylactic phenomenon. 

It is probable ^hat oral infection may be a cause of obscure phlebitis 
and thrombosis in different parts of the body — the eye, brain or ex- 
tremities. 

Chronic lymphangitis, as in cases of pseudo-elephantiasis of the lower 
extremities, may possibly have a similar origin. A woman aged 40 
years, who had never lived outside Ontario, had extensive oral sepsis, 
Ivith arthritis and other systemic evidence of that disease ; and this was 
the only cause found to account for extreme elephantiasis of the left 
thigh and leg. 

Glands op Internal Secretion. — The relationship of oral infections 
to thyroid enlargement and GravCfs’ disease has been independently noted 
by many clinicians, including Charles Mayo, Crile, Billings, Rosenow, 
Reed and others. Ehrhard has traced a lymphatic connection between 
the sublingual and submaxillary glands and the thyroid. 

Other sources of infection, and especially the tonsils, are referred 
to by many authors as affecting the thyroid. Halstead many years 
ago noted thyroid hypertrophy due to adjacent infection. Beebe, in 
3,500 cases of exophthalmic goiter between 15 and 24, found naso- 
pharyngeal infection in 38 per cent. Rosenow found streptococci in 
25 out of 32 cases of goiter. In the author’s series were 20 cases of 
exophthalmic goiter, 41 simple goiter and 15 thyroidectomies. 

One patient, a young factory woman, with simple goiter, developed 
marked sj^mptoms of hyperthyroidism a few days after filling of an 
upper left molar. This had become^ abscessed and her ssrmptoms 
promptly subsided after extraction, with copious escape of pus. 

Another patient, a nurse about 25 years, develoj^ed arthritis in the 
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infected tonsils were ren.oved. b..t 
without mprovOTMuL She showed classical symptoms of a m.Kleratelv 
severe Graves disease whieh, along with the arthritis, immediatelv be- 
pan to improve after treatment of several infected fet'th. 

The tendency for disease in one of the chain of dncllesa glands to 
set up trouble m others is generally reeoprnizod and nsuallv attributed 
to the action of hormones. Our knowledge of focal infections, involv- 
ing tissues similar in structure, suggests that this niav explain some 
cases of polyglandular involvement. 

The common^ association of oral sepsis with diabetes has generally 
been explained to be due to lessened systemic resistance to pyogenic in^ 
fections resulting from the constitutional condition, but if oral infec- 
tion can produce pancreatitis, its influence as a possible cause of dia* 
betes is worthy of consideration. That infection reduces the capacity 
to metabolize carbohydrates is frequently demonstrated by the recur- 
rence of glycosuria during an acute infection where no change in diet 
has been made. Osborne, in reporting cases, concludes tliat glycosuria 
can be, and perhaps true diabetes may be, caused by month infections; 
and similar views are ^expressed by Daniel of London. J. S. Marshall 
and others, Joslin says, “It is common to have diabetes grow worse 
in the presence of inflammatory conditions about the teeth and gums/' 

The nervous manifestations of oral sepsis, also arterial hypotension 
and h 3 ^ertension, may be aggravated by the coincident derangement in 
the functions of the thjrroid, suprarenals and autonomic nen-ous system. 

•Organs op Special Sense. — ^Many eye diseases formerly attributed to 
syphilis and rheumatism, are now recognized to be due wholly or in 
part to focal infection. 

Colin Campbell says that as long ago as 1902, William Lang tanght 
the danger of infected teeth producing hematogenous infect iim after 
cataract operations and attributed choroiditis and uveitis to focal in- 
fection. The percentage of eye infections due to dental foci alone is 
difficult to determine, as syphilis, tuberculosis and diseases in the ton- 
sils, sinuseSfc middle ear and elsewhere are so (‘ominon. 

Irons and Brown, in 100 cases, estimated that the teeth alone wer« 
responsible in 7 per cent, and a contributory faetor in 11 p»T eent. ^ vern 
in 25 cases of uveitis (iritis, cyclitis and choroiditis'* altnbuted eaae^, 
or 20 per cent., to diseased teeth alone and in 2 other eases they were 

''in'rOe^ of eye infection in private praetice. 
the teeth alone responsible in 16 cases and eontn m orv in 

W in 57 cases of eye infeetion fonml ‘f* 

same side as the dental lesioms in every ease »u <» ^ his caww 

thinks infection is through the lymphatic creulati.n. Half of his cases 

improved or recovered after dental treatment. 


or ryicuvcrcru 1,^.. i. k Bbiinn, I' jnnof ami 

Zentmayer, de Schweinitz, eonjunetiviria. episcleri- 

others report cases of uve.tis, " ^ 

tis, optic neuritis and comeal ulcers due to ( < » 
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Case VII.— In May, 1015, the writer saw a paH«it, a teacher, age 
30 years, who complained of headache and eye paina, following^ an attack 
of influenza the previous March. Dr. Campbell fouhd Blight but definite 
optic neuritis. This was the beginning of an illness of nearly three years, 
during which she had prolonged periods of fever tip to 100* P. (37.8® r.) , 
became pale, emaciated and very ill. Her mouth looked healthy and 
as her dentist, who was attending her twice weekly, gave assurance of 
the absence of infection, x-ray examinatio-n was not made. During her 
prolonged illness she developed successively parotiditis and right facial 
paralysis, polyneuritis of the legs, marked myocardiqj^ weakness, low 
grade uveitis, slight papillitis, exudate into the vitreoHU, and secondary 
glaucoma, impairing vision in the left eye and reducing it in the right 
eye to 6/60. Wassermann and Widal tests and blood cultures were all 
negative; tonsils fairly healthy. X-ray films in September, 1916, were 
not conclusive. Patient was not improving. Satisfactory films in Feb- 
niary, 1917, showed seven abscessed teeth, which were extracted or other- 
wise treated, after which her general condition recovered, and the eye 
infection subsided, but with blindness on the right side and sight in the 
left permanently impaired. 

Otalgia, otitis media, from extension of infection from the throat, 
tinnitis, vertigo and catarrhal and nerve-deafness have all been reported. 

Bones, Joints, Muscles and Fascia. — Osteitis, periostitis and osteo 
myelitis of the maxillary bones are among the local manifestations of 
oral sepsis. 

In addition to these, arthritis, fibrositis, spondylitis, myositis, often 
accompanied by neuritis (so-called rheumatic affections) constitute the 
commonest group of diseases due to oral infection, being manifested in 
25 per cent, of the writer’s cases. In 498 cases of chronic arthritis, 
Moorehead reports that 89 per cent, showed roentgenographic evidence 
of chronic alveolar abscess and 76 per cent, vrell-marked pyorrhea. 

Any joint, but commonly several, may be involved : the hip, the knees, 
ankles, shoulders, joints of th^^hands and feet, spine and others ex- 
posed to strain or excess of work are most commonly affected. Goadby, 
iHartzell and others have described the peculiarities of this type of 
arthritis. The former says it is a ‘‘periarticular arthritis deformans” 
in which the joint capsules, synovial membrane, ligaments and fibrous- 
tissue connections are especially involved, though the cartilages are also 
affected. The disease is characterized by exacerbation and recessions. 
Fever is often absent; temperature to 102® F. (38.9® C.) or higher, how- 
ever, is by no means infrequent. Marked effusion into the knee joints 
may occur, though cultures from the fluid are usually sterile. The de- 
structive changes are such that only in early cases may marked improve- 
ment or cure be expected, even though the original cause has been 
removed. The Streptococcus viridans is the common infecting organism. 
jKosenow and Ha^zell have produced the joint lesions by inimal inocula 
tion. 

Oas® VIII. — ^T. W. B. : male, age 38 years, accountant. Consulted 
the writer June, 1918, for pain, stiffness and wwe&mg of knees, which 
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b( !ian Noirwnhw. 1917. Patient laid np three nu nihs. H,ui thr.-e teeth 
eMiacted and was mneh improved. In May. 1918, e,,nditio„ returned 
aii.l grew rapidly worse. Ban septic temperature (99"-lor E (97 
38.r C.]) for weekfc W^rmann negative. Culture of hio,«l.' ,^ 8 - 
tive. Several more doubtful teeth were eventually extracted, ('ultures 
from removed teeth’ showed Staphylococctis aurnts and strcptocijceu* 
while a StreptocOGCUs viridans was obtained from the tonsils. Culture 
from fluid in joints was^ sterile. Since removal of infected teeth and 
clearing up of oral sepsis, patient has improved rapidly and has now 
returned to worl^ 

The following cbnditions were present during the course of his ill- 
ness: oral sepsis, tonsillitis (Streptococcus viridam), infective arihritu, 
sciatica (1900), synovitis (1907). 


Tenosynovitis and bursitis are common. A case of severe oral sepait 
recently under observation had persistent arthritis in the knees. ellKiws 
and joints of the hands and feet, accompanied by marked hiimmerdoes. 
Most of the patibnt^s septic teeth had been removed some two yeara 
before, but he failed to improve. On consultation with his dentist, 
^^the extraction of three other auspicious teeth was deeided upon. These 
were found to be septic. A chronic abscess about an ingrowing tonsil 
was treated. jThe patient began to make slow but steady improvement, 
though from ihe chronicity of the case, considerable stiffness remains. 
To one^s surprise, with the subsidence of his joint symptoms, the hammer- 
toes slowly resumed their natural position, the condition evidently having 
been due to a synovitis of the extensor tendon.s of the toes. 

Goadby says, ‘*The extent of disease and (piantity of pus in the mouth 
bears no relation to the severity of the arthritis. In fact, the free 
discharge of pus from the alveolar process often imlicatcs a more com- 
plete autogenistic reaction than the slow passive insidious rarefaction 
without copious discharge.” 

Skin. — Anemia of varying degrees is common, though the studies 
of Potter, McNeill and Bradbury suggest that, as a rule, it is not a 
marked feature. 

In well-marked oral sepsis the skin is frequently pale or sallow, 
harsh and dry. Pigmentation— cliloasma or occasionally Icukwlerina— 
occur and often show improvement after dental treatment, 
may be dry and the scalp scaly; cases of alopecia areata have been 


reported by several authors. 

Purpura occurs at times. Some years ago a LmniomA 

entered St. Michael’s Hospital. Toronto, villi imW fehnle 
following extraction of a septic tooth a few <lay.s , I 

dition became worse, accompanied Ijj' J™';;;,;,;;'";" an.l rapidly 

subcutaneous hemorrhages, hematt rr 

dev^pmg anemia, from which he derig- 

•ae group ,f eutanwus lesions -md - appawmtly 

nated “erjrthema multiforme arc not i 9 iniprestina to Bola 
are similar to the so-called “septic” rashes. It, i.s mtcrcstmg w b»w 
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the association which clinieians haiw long reoog^iiaed between eryth- ma 
multiforme and rheumatism (Osier). 

Putcher comments on the association of sclerodenna^ Raynaud’s dig. 
ease and arthritis. McCrae in his analysis of 500 oases of arthritis, 
found that there were 11 cases in which scleroderma coexisted ^ith 
the arthritis, and in 5 of them there was also Raynaud ^s disease. He 
comments on the rather striking fact that in no instance did Raynaud’s 
disease occur alone, but always with scleroderma. 

Urticaria and angioneurotic edema may occur, coincident or alter- 
nating with lesions of the erythema group. In the writer’s series of 
cases were 3 in which angioneurotic edema, urticaria and erythema de- 
veloped pronounced temporary exacerbation of symptoms after extrac- 
tion or other dental treatment. Five of the cases showed marked symp- 
toms of Raynaud’s disease, associated' with other systemic manifesta- 
tions of oral sepsis. 

Case IX. — Miss J.: age, 35 years, teacher. Patient consulted the 
writer December 15, 1917. Complaint, blanching of toes and fingers, 
extending up tc* elbows in winter or while bathing in summer. Skin 
generally pale, smooth, firm and inelastic, almost “hide-bound” in 
places; at other times brilliant red in color intermixed with blue. At 
times patient has large elevated blotches about knees and hips. Had 
rheumatism of elbows, knees and! feet last winter; in bedi two weeks. 
Hemoglobin 80 per cent. X-ray of teeth showed considerable sepsis; 
four teeth were removed, from which cultures of Staphylococcus annn$ 
were grown and vaccine used. The day after removal of the teeth ’her 
knees were much worse. Cultures from tonsil crypts and expressed case- 
ous plugs showed Staphylococcus albus and non-hemolytic streptococcus. 
Another vaccine was prepared later and used after tonsils were removed, 
September 23, 1918, At one time patient had marked edema of legs, 
especially at boot tops, ^hich later quite cleared up. There was some 
improvement, but she still showed evidence of dental infection. 

March 15, 1919. — Three reimdning doubtful teeth have been removed 
and cultures made from them showed Streptococcus viridans and 
Staphylococcus aureus. 

The following conditions were evidenced during the progress of the 
case; oral sepsis, tonsillitis {Staphylococcus aureus and streptococci) ^ 
Raynaud* s disease, infective arthritis, anemia 80 per cent., erythema 
multiforme, thyroid enlargement. 

Case X. — ^Mrs. F.: age, 40 years. Patient consulted the writer 
August 21, 1918, with paresis of left upper and lower extremities, numb 
ness of left leg up to knee, general weakness and headache. WasKser- 
mann reaction of blood and spinal fluid both negative. Hemoglobin 
85 per cent.; albumin, casts and pus in urine. Some swelling of fact’. 
Thin nervous person, with tremor of fingers. No atrophy of left side, 
and no sensory changes. Tenderness over left musculospiral nerve. Some 
grating in both knees; several very septic teeth were removed in Noven'. 
her, 1918, and a Streptococcus and Staphylococcus alhus grown. Thy 
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J, ;d sUgk^ entarged; eyes slightly prominent ; pnDe VM. marked 
tremors. 

Marche 1919 .— General condition greatly improved since removal of 
septic teeth* 

Edema of the extremities and symptoms of sderoilerma or psemlo- 
elephantiasis occur at times. A marked example of the latter, involving 
one lower extremity, slowly developed after a dermatitis in the leg. 
The patient, a female, 35 years of age, had never been in the tropics, 
and had never suffered from any serious disease. Heart, lungs, kidiieva 
and pelvic organs showed no evidence of disease. Wasserrunnn test nega* 
tive. She had had much trouble with her teeth sinee her tifteenth year, 
many of them being devitalized, dark in color and filled. Several 
root abscesses were present and cultures frf>m these and the tonaila 
showed Streptococcus viridans. 

Another woman, school teacher, age 30 years, had marked oral sepaia, 
Streptococcus viridans and Staphylococcus aureus being obtained from 
the teeth and Streptococcus viridans from tonsils. She a), so has infeetire 
arthritis of the knees, recurring erythematous eruptions and pronowiieed 
symptoms of Raynaud ^s disease involving the fingers, hands, forearms, 
feet, ears, nose and lips. The skin in other part.s of the body was un- 
usually firm, inelastic, somewhat thickened, pale, smooth and glowy. 
The thyroid was slightly enlarged. 

Many cases of persistent eczema show marked improvement or cure 
under treatment which has been unsuccessful before the oral aepais 
was cleared up. In a series of 50 cases of skin disease. Chapman found 
evidence of focal infection in 49, 35 of wliom had abscessed teeth alone. 

Daland and others mention furunculosis due to oral sepsis; and 
rosacea, various form of lichen, psoriasis, acme, dermatitis herpetiformis 
are all reported by various authors as being at times related to or aggra- 
vated by mouth infections. 

Pruritis, apart from any definite cutaneous lesions, is a corainon mani- 
festation of oral sepsis. • * i # 

Whatever the relation may be, there is no doubt of the elinieal fact 
that many erythematous and inflammatory skin diseases show marked 
improvement after focal infections in the moutli «*r elsewhere have K*en 


removed. 

Kidneys and Urinary TRACT.-^Thc relationship of tonsil ar »nfecHon 
to nephritis is well recognized, and more reirntiv d-seaMs i 
been equally incriminated. These focal intections are freijuen > ac m 
panied by albuminuria, casts and bloofl in the uriiv*. 
an acute nephritis or set up chronie nmal liisease \\i » asso( t , 

vascular phLomena. Kartell ami .v,.1 

suppurative and hemorrhagic Icsion.s in the kn iic>s ^ 

oculationof Streptococcus viridans from j,, .fter 

son report acute, subacute ami „f patients mt 

moculaiiim by atreptooocci obtamed frfm 
fering from aagina in an epidemie doe to mdk mf.et.on. 
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In all cases of infection of the urinary traOt, oral aepsis and ojher 
focal infections should be carefully sought for* Goadby has reported 
streptococci in the urine in cases of rheumatoid arthritis* 

A railway conductor, age 45 years, who had never suffered from any 
previous illness, was rejected for life insurance on account of much 
albumin, numerous red blood-cells and a large amount of pus being 
found in the urine. On ureteral catheterization both kidneys were 
found to be involved. The phthalein output in two hours was 30 per 
cent. Bacteriological examination and animal inoculation of the urine 
obtained by catheterization were negative. Patient had extreme oral 
sepsis; hemoglobin 90 per cent.; physical examination otherwise nega- 
tive. Condition promptly cleared up after extraction of the septic teeth. 

Recurrent renal hemorrhage occurs at times. 

Nervous System. — The nervous symptoms associated with oral sepsis 
include a group presenting the clinical picture of psychasthenia or 
neurasthenia, including sensations of weakness, lassitude, early fatigue, 
mental depression, flushing, dizziness, insomnia, cardiac arhythmia and 
tachycardia, gastric and intestinal flatulency, uncomfortable epigastric 
sensations, neuralgias, painful spine, frontal, vertical or occipital head- 
ache and kindred ailments. These may be due in part to toxemia acting 
upon the brain and nerve centers and in part indirectly through dis- 
turbed function of the thyroid and other glands of internal ieeretion. 
Perusal of Beard’s monograph on neurasthenia (1880), in the light 
of our present knowledge, suggests that many of the symptoms which he 
described as characteristic of that disease are now recognized as due 
to oral sepsis or other focal infection. He observed the frequency of 
dental disease in neurasthenia but considered it a remli rather than a 
xmse of it. He says: Among all classes of brain- working indoor- 
living Americans, the teeth usually begin to decay before the age of 20 ; 
and it is quite rare to find a nervously exhausted person, however 
careful he may have been of his teeth, who can exhibit a Ireally sound 
set at the age of 35 or 40, It iamore probable that, if4ie"has any teeth 
of his own at all, very many oi them are filled ; perhaps some of them 
in several places, and their endurance will depend upon the skill with 
which the filling has been done,'^ 

Among the symptoms of neurasthenia, he mentions nervous indiges- 
tion with severe pain before meals, relieved by taking food; gastric 
and intestinal flatulency ; growing pains, pains in the back, coccyodynia, 
podalgia; dryness of the joints with creaking sounds on movement; 
pniritis, dryness, scaliness and scurfiness of the skin. He states further 
that ** neurasthenia may simulate rheumatism, and has been frequently 
mistaken for it. Thus stiffness of the neck, when the upper portion ef 
the spine is in an irritable condition, or of the loins and lumbar region 
when the lower part of the cord is irritated, at once suggests rheuma- 
tism.'' No experienced clinician at the present time would consider 
neurasthenia per se a satisfactory explanation of symptoms such as th ' 
above. It is further interesting to note, according to Beard's observa- 
tions, that neurasthenia occurs most frequently at the timie of life wheii 
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oral sep^s is most narked. ^‘Neurasthenia seems to be most common 
bonveeii the ages of fifteen and sixteen and forty-five anci fifiv. It k 
found in those under, bnt comparatively speakin^r it is rare and dif- 
ferent inits character at extremes of life.” Widie statirijr that “ Ameri- 
pan dentists are the best in the world because Americ^an teeth are the 
poorest in the world,” he did not recofjnizc the possibility that mouth 
infection might be a cause of the “American disease.” 

Neuritis, especially of the braehial atid sciatic nerves and spinal 
nerve-rootS; is common. Rosenow has shown experimentally that herpes 
zoster may be produced in animals by inject inj^ them witli streptococci 
from tooth infections. Neuritis is frequently associated with or simulalw! 
by arthritis in a neighboring joint, by spondylitis, tihrositis or myoHitiR. 
In cases of brachial neuritis, grating may usually he obtaine<’ hy ma- 
nipulation of the shoulder joint and at times synovitis may extend rdong 
the sheath of the long tendon of the biceps, causing pain on movem#*nt 
of the arm. The optic, 3rd, 5th, 6th facial, auditory an<l oerhapa other 
cranial nerves may be involved. 

The numbness and tingling in the hands and feet in pernieioua 
anemia are believed by Hunter to be due to the a(*companyij)g oral 
sepsis, and the explanation may apply at times to peripheral neuritis 
occurring in diabetes, gout, and other constitutional tiiscases. 

Instrdbtive cases are reported by Duke, of the effect of oral infec- 
tions in'^ contributing to the symptoms of tabes and of improvement fol- 
lowing upon dental treatment. 

V'oeal hemorrhages, myelitis and softening, degenerative or sclerotic 
changes in the spinal cord, and cases presenting the symptoms of dis- 
seminate sclerosis are reported by Rosenow, Billings and others. 

Rosenow has produced in dogs focal hemorrhages, ataxic gait and 
paresis of the extremities, by the injeetiim of streploeo(*ei obtained 
from the toi^ls in a case of disseminate sclerosis. 

Meningilisj. encephalitis and abscess of the brain are mentioned by 
Miller and otherlil The relationsliip of oral se{)si.s to eorehral tbrnmlKwk 
and softening is worthy of investigation. Pearce Could has recorded a 
case of death from alveolar abscess resulting in thrombosis of the 
cavernous sinus. ... 

’ tigraine, epilepsy, tic douloureux and chorea are diseasos ,n which 
many observers mention oral sepsis as a factor, thonglj in the two orratr 
reflex disturbance from the pressure of uneruplcl tcofli is perhaps more 


important (Figs. 56 and 57). . .. 

H, S. Upson, H. A. Cotton an.) otln-rs liav.' 
suits in the management of mental deftcn'iii'y aii.l ^.f 

^sanity, hy treatment appropriate for tl xt 
unerupted teeth and other forms of dental tr 


among this class of the population. 

l>^lgIl 08 is.~Diagnosis may he com^idered under 

(^) systemic. 


two heads ; 


(a) local; 
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(a) Local Diagnosis. — The local or regional diagnosis is established 
by the systematic examination of the teeth, gums, alveolar soekrts, 
mucous membrane of the mouth, the tongue, tonsils, pharynx, sinu^os, 
the submaxillary lymph-nodes, as already outlined. There are 32 tc. th 
in the adult presenting 30 possible avenues of infection, each of wbidi 
should be investigated. Special attention should be "directed to dentim^s, 
crowns, bridges, filled or pivot teeth, and devitalized or dead teeth, 
the latter are especially prone to infection. The abutments of bridges 
require close attention. 

It must not he forgotten that a mouth in which much dental work 
has been done may present an outward appearance of being well kept 
and healthy and yet be the seat of extensive periapical infection. The 
importance of roentgenological examination and care in the interpreta- 
tion of films has been considered elsewhere. The size of the area, 



Fig. 56. — ^TTkeruptei) Supernumerary Fig. 57. — ^Impacted Tooth Showing Is- 
Tooth Pressing on Adjacent Pos- pection and Adontomata As^oci- 
TERioR Molar. ated with Epilepsy. 

number of teeth involved, or the amount of pus present bears no neces- 
sary relationship to the seriousness of the condition. All old roots and 
snags are septic. It is especially necessary to keep these facts in view 
in dealing 'with cases where the symptoms fail to clear hp after the 
major part of the sepsis has beau removed, but where a few doubtful 
teeth remain. Moreover, the infection may persist in the tonsils, lymph- 
nodes, maxillary bone, sinuses or other secondary foci. 

The possibility of periapical abscess secondary to systemic infec- 
tion, and of infected pulps in the absence of caries should not be over- 
looked. 

Bacteriological examination of infected pulps, the discharge from 
abscesses, pyorrheal pockets, tonsils, and the roots of extracted teeth 
should be made whenever possible. The cooperation of a dental expert 
is often imperative and always advisable. 

( h ) Systemic Diagnosis. — The systemic diagnosis is made on gen- 
eral clinical lines, applicable to the different organs and tissues involved. 
The result of appropriate dental treatment is very important, though 
the faUure to improve does not warrant the conclusion that the original 
infection was not of oral origin. 

Constitutional diseases, such as scurvy, diabetes, indigestion, gout, 


TREATMENT 


4ia 


uiiemia, poisoning by lead, mercury .and other coiirlitionK preUisposiuir 
to .iiseass of the gums and teeth should be kept in mind. 

Prognosis.— The prognosis has been dealt with in disoussin^^ the ]>«. 
thology of oral sepsis, systemic manifestations, j-.ray examinations and 
extraction of teeth, and, therefore, does not call for detailed dis«‘ussion 
(a) Local CoNDiTiON.-~The opinion of a eompetent dentist is of the 
gfreatest value in determining the limitations of conservative treatment 
or whether extraction is necessary; and wlien the servieen of sneh are 
available he should take the responsibility of advising the i^atieni. Where 
the systemic condition does not clear up after dental treatment, the 
dentist should be prepared to reconsider the ease with the phyaieian, 
from the systemic as well as from the local viewpoint. 

(h) Systemic Condition.— As Billings has pointed out, infeeted 
lymph-nodes or other organs or tis.snes may .serve ns seeendary fotri 
which continue the systemic infection. One shnnld never promise re- 
sults, but take his stand on the ground that an infection in the mouth, 
as elsewhere in the body, should be cleared up, whether hy conservative 
or radical means, depending upon one's ability to deal with it. 

The degree of improvement to be anticipated in the heart, kidneys, 
joints or other organs or tissues which are involved depends upon the 
length and severity of the infection, the amount and nature of the 
damage ‘which nas been done, and on the exislenoe of permanent aee 
ondary foci of infection. In many cases functional cure will of necessity 
be incomplete. The patient’s age and general health have an all im 
portant bearing upon prognosis. Many individuals with extensive local 
infection may.be practically free from symptoms of general disease. 

Treatment. — Oral Prophylaxis. — The recent awakening of the med- 
ical and dental professions, and the public at large, to the menace of 
mouth infections and the difficulties, often amounting to impossibility 
of successful conservative treatment in eases of pyorrhea nml eariea, 


where the gtnns, pulp, dental canals and periapical tissues are aerioiialy 
diseased, has impressed upon all the necessity for t borough prophylactic 
measures, especially in the young. Dental inspeeti<»ii of K(*hooI chil- 
dren and dental clinics are carrying out important educational propa- 
ganda and providing treatment for poor cliild rcu. Specially emlowed 
institutions for research, treatment and projuiganda are Hpringing up 
in various centers and have an important field of us.Tijliicss in re a ion 
to public health. The removal of enlarged and n.f.ctcd tonsds. mle- 
noids and other causes of mouth breathiner i‘< iniftortant. v an 
as to the necessity for carefully bn.sl,in.- tl... n-t , -'--al 
so as to avoid accumulation of pulroOioc fo-1 ? 
tooth brush requires more attention. It nsmd n no .» f - little ni ten 

The bristles u^y be stiff, causing injury to th- pun,- : on, t t..o h..Io 
tion is given to its proper disin fect ion. w ic ^ s 
it in alcohol or boric-acid solution hctwiTO u-iv 

A’" t3» iioa nftinted out a g'*r>erci. < f • ' 


a: B. Webster has pointed out a ‘ 
enaaaa with advancing years, u.d. 

brushes with too hard bristles. Th, ' • 


(ttb parent and 
fj.'id and other 
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medicines corrosive to the enamel should he borne in mind, Cai< fui 
hygiene of the mouth during acute illnesses as well as in chronic de- 
bilitating diseases is important. OverindulgeUce in sugar and carbc^liy- 
drate foods, which furnish pabulum for lactic-acid fermentation is 
worthy of attention; also drugs having a specific action on the gnnvi, 
as mercury and lead, should be used with discretion. The difiSculty of 
dealing successfully with caries, periapical infections and pyorrhoea al. 
veolaris impresses one with the paramount importance of careful pro- 
phylaxis in the young in dealing with the problem of mouth infections. 

Extraction of Teeth. — The removal of teeth is a serious matter, in- 
terfering with mastication and, consequently, limiting the kind of food 
the patient can eat, thus interfering with his digestion and nutrition. 
Prom the cosmetic point of view also it is important. Some patients find 
it difficult or impossible to use dentures for mastication or in speaking. 

The shock, the opening up of fresh areas for the absorption of patho- 
genic bacteria and their toxins, involved in the removal of one or many 
infected teeth — especially in the old, the debilitated and in cases of 
acute systemic infection — are matters for serious consideration. The 
amount of trauma and subsequent infection is bften greater in extract- 
ing sound teeth. 

General infection, pneumonia, suppuration of cervical glands, osteo- 
myelitis, periostitis and necrosis of the maxillary bones, extensive gin- 
givitis, the stirring up of acute symptoms in the joints, the appendix, 
gall-bladder, heart or other tissues, are possibilities to be borne in mind. 
The removal of unerupted teeth, especially, is often a difficult and seri- 
ous procedure. 

These points are brought forward, not as arguments against neces- 
sary extraction, but that it should be undertaken only for definite rea- 
sons, in the case of each tooth, and with due care and appreciation of 
serious possibilities. 

In cases of severe extensive local infection, it is safer to clean up 
the field of operation as far as X>ossible by preliminary treatment. As 
a rule it is better not to extract in the presence of acute local disease, 
or acute systemic infections, as the increased absorption of infective 
organisms which follows often leads to aggravation of symptoms. Where 
the patient’s general condition is not good, many teeth should not ho 
extracted at one time. Serious illness or death from sepsis following 
extraction is by no means rare. While these results may be due to the 
condition necessitating the extraction and therefore, as in other surgical 
operations, the risk is warranted, yet the tendency on the part of the 
public is to attach blame to the operation, rather than to the infection 
requiring it. In general, the opinion of a competent and experienced 
dentist should decide as to the limitations of conservative treatment 
and the necessity for extraction. 

At present ^ere is a tendency toward reckless and in^is^riminaie 
extraction on insufficient grounds and for all sorts of ills which ahould 
be guarded against. J. M. Anders warns the medical professfeb^of o 
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reaction to: foUow reckless and ill-considered sacrifice of the 

teeth. 

Definite in^cations far extraction have not yet been aRreed uiwn 
by dentists* Can an abscessed, devitalized tooth be treateil eoMsen^a- 
tively so as to be free from present or future dangrert Were the qiies. 
tion asked with reference to a septic foreigm substance in another part 
of the body, where the conditions as to circulation and local nutrition 
are more favorable, the answer unquestionably would be in the nejjativr. 
Khcin d^cribes an elaborate technic by which devitalized teeth may 
at times be retained without danger of infection, but such treatment 
is not within the reach of the large mass of the people. 

When periapical infection occurs, if not too extensive and if properly 
treated, most dental authorities agree that conservative methocls are 
available. The greater the degree of pericemental involvement at the 
apex, and especially if accompanied by a chronic suppurative peri- 
cementitis (pyorrhea) extending alongside the tooth, the greater the 
danger of failure from conservative treatment and the more likely will 
extraction be necessary. 


Recent investigations do not bear out Miller ^s opinion that the bac- 
teria in a closed root-canal either perish, or, wlmt happens more rarely, 
become inactive as soon as the nutriment in the pulp is consumed, i.f., 
in a few days. | 

According to Rhein, if the pulp contents arc absolutely removed, 
any pathogenic tissue present eradicated, and the canals hermetically 
sealed in such a manner that the sealing material is forced through 
the apical orifices thus obliterating them, no infection will ensue, but 
“whenever the roentgenograph does not show the periapical end of the 
root-canal to be absolutely sealed, the operation must be eonsidered a 
failure . . . and the tooth should be immediately extracted, or the 
unfilled portion of the root be removed by an apicoectomy." 

The necessity for the greatest degree of surgical cleanliness, the 
avoidance of unnecessary trauma, the provision for proper drainage imd 
protection of the wound and the use of antiseptic mouth washes fol- 
lowing extraction are important points to be kept in mind. The failure 
to remove necrotic tissue or pieces of roots will prolong infection an 


is often a cause for future trouble. 

The Surgeon and Oral Infections.— The importance of oral sepsw 
in surgical and obstetrical practice has not received tie* att«*nlion from 
specialists in these departments which its importaix f* warran >». 
scarcely be doubted that it is a frc<jii<‘nt .sourrv of 1’^'^ 
postpartum infections, and yet how infrcqiif otly arc , 

other sites of focal infection considered in ^ ^ *ivmiitom« of 

of 97 CMOS, states that the ,;hy.i..IoRl<*l 

the toxema of pregnant « Th- primary or 

waste products of the developing pr^'f.''- - • . „f,. Tronic 

thp of the retentioB_, is the wail'-r h«» eriled 

dcricicnt lactation 


i^nriadOMtethe excretory functions of tlir 
attrawto!^ the infliMnce of oral sepsis m pr<K.u , 
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and as a cause of obscnre perdstent vmmtog m wfants. Tlhe pres- 
ence of Btreptocoeeus viridant in oases of fibrocystic orariM hw been 
reported and oral and other focal infections may haw s beann<r on 

the causation of cystic mastitis. - ^ » , 

Infected tonsils are commonly removed without referee to the 
presence of dental infection, which is often the pnamry ^t of trouble; 
operations are undertaken in the most septic mouths without previous 
oral preparation. The same statement applies to thyroidectomies for 
Graves’ disease and operations for gastric and duodenal ulMr, gall- 
stones, appendicitis, etc. The trauma associated with operations pro- 
duces lessened local resistance to infection, so that focal infection prob- 
ably accounts for certain cases of pus formation in wounds. 

Except in cases of emergency it should be the duty of the operator 
to assure himself that points of focal infection have been cleared up as 
far as practicable before any important operative procedure. 

Hartzell says it is wrong to undertake grave surgical operations 
for persons whose mouths and gums are pouring a flood of microor- 
ganisms into both stomach and circulation. This is especially necessary 
in operations about the mouth or neck. 

If oral sepsis stands in etiological relationship to a common group 
of surgical diseases, oral prophylaxis and treatment undoubtedly m\\ 
tend to lessen their frequency and insure better postoperative results. 

The occurrence of epithelioma of the tongue, lips, ^ms or other tis- 
sues exposed to the irritation of carious roots, and projecting teeth with 
coincident infection, has frequently been noted. 

Insurance and Oral Sepsis. — As yet insurance companies have not 
seriously considered oral infection in their selection of risks ; hut having 
in view the investigations of recent years showing the frequency with 
which serious diseases may be due to this cause, the question is bound to 
receive more attention in future. This applies especially to cases with 
a previous history of rheumatism, heart trouble, appendicitis, gastric and 
duodenal ulcer, biliary infections and goiter. 

Life insurance examiners should carefully observe and report on 
the condition of the teeth and other evidence of mouth infections or 
systemic manifestations associated therewith. 
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INTRODUCTION 


4 

It is not the purpose of tliese pages to add to the already long list 
of chemical manuals available on the examination of the urine by physi- 
cal, chemical jand other scientific means. They express, ralher. an at- 
tempt to state what the general man in medicine or surgery ran d(> in 
the way of urinalysis and will do for the patients eominitted to his care. 
What is suggested here is, in a certain scuist;, the irredueihle minimum 
which must be done for every patient if an approximation, even, of 
correctness in diagnosis, guide to treatment, ami a fair krnnvledge of 
what is happening to the patient is desired. The inltrrsia of ihr fp aertif 
man in medicine or surgery have hern alone consiiknd. The 
touched upon are, therefore, in no sense exhaustive, and the 
described are often not the best that could he emphned. « (y a 
the simplest that can he used and so liltle Imw-comiwnni, that m com 

scientious worker in medicine will neglect them, ..-iii-iam 

There ■will be launched against what is hen- 
that many more or better proceihires ccmld liavi- ms'ii <> " • 

.top imW not t. b. 

a patient is obviously better Ilian dmiv ^ | 

the matter at dispute. The wliii-h is <l..np morn 

that it is better to do what is here .mtl.ne.1 Ih.m tli.it 

commonly— namely, nothing at all. er.rreet analyswi 

It, is a fair statement that several a P 
made by the attending physician linns' ^ j„ ecruiin diseanes 

the physician and will be a better gnu e " < lalKiratnry by 

than a single more careful analysis m.i(i < ,,„„iysis of the urine 
a man who has not access to to., mneh "f «« 

to the distant laboratory worker is. " that the cryptic 

in itself; and the author knows, throng ' ■ itistances. mi»- 

tables miled to the attending phy-H-nm a.-. 

4g:l 
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understood or misinterpreted and so of no value whatsoever to e her 
him or the patient committed to his care. The only way out is foi 
analyst and the physician to consult over the patient or else foj the 
physician to become enough of an analyst to discover for himself the 
elementary things so necessary for his guidance. ,The latter idesi ig 
in no sense an impossible one and it is in this spirit, of accomplishing 
more for the patient, of giving more help to the busy practitioner and 
this in such manner as not to make inordinate demands upon the pa. 
tient’s purse or the physician’s time, that the following pages are 
written. 


THE IMPORTANCE OF URINALYSIS 

Proper examination of the urine derives its great practical im. 
portance from the fact that through it we obtain not only an index of 
various changes which may be occurring in the kidney or in the genito- 
urinary organs which connect this viscns with the outer world, but be- 
cause in the urine we also find the evidences of changed body chemistry 
as incident to poisoning of various sorts and t6 the different diseases 
like the ** metabolic” disorders which accompany improper utilization 
of proteins, of carbohydrates or of fats in the body. 

But from the fact that so many and such widely varying changes in 
all or a part of the human mechanism may thus mirror themselves 
in the physical or chemical properties of the urine, there arises a diffi- 
culty — ^that of judging properly the real significance of any given urinary 
finding. But even in this, knowledge of and proper utilization of a 
few guiding principles clear a main road which any one may follow 
and one which the traveler may subsequently decorate with as many 
exotic shrubs as may please his special fancy. The experienced trav- 
eler and the safe guide is not the man who knows every path, but he 
who is sure of the main one. The serious errors of our profession 
are not those which are incident to the non-discovery of rare and un- 
usual types of disease; as every one knows who follows his patient*? 
beyond the bedside and thiough the autopsy room, our errors are more 
gross, and cover long-known and well-marked pathological disturbances. 
Pregnant women with milk-sugar in the urine are treated as diabetics 
when anything but a restricted diet should be their share ; diabetics are 
tortured with the false interpretations placed upon the fractional “per 
cents.” of reducing substance which they show in the urine; and tlie 
well-to-do in expensive hospitals die of as real starvation as the fam- 
ished of India, because the meaning of acetone bodies in the urine is 
not clear to the attending physician. 


THE OOLLEOnON OF THE URINE 

Since the twenty-four-hour period is the unit cycle of our physio- 
logical existence^ it is for most purpoi^s the best unit of time to choo'^e 
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l,, an ewmiMtipn of the quantitative and qualitative out,,,., of urine 
Sliorter peri^ because they do not cover the dailv Lbi, of ,hj 
human machine as regards work and rest, IWdinp. en' are liktlv tt> 
be fallacions. There are, however, some impt.na.w exee)itit,ns tn'tbis 
rule,^ Whenever certain changes are more intense at one periml in the 
day flian at another a special examination at such time will jyive licht 
where the examination of the twenty-four-hour sample may liave failed^ 
Traces of sugar in a mild diabetic are mf)st easily found an hour or 
two after partaking of a meal containing carbohydrate ; traces of ulhiitnin 
in the ordinary “nephritic'* are commonest in specimens obiaijied before 
breakfast, because through the night the urine attains its highest acid- 
ity; on the other hand, in the orthostatic ’ albiiminiirias hu(*1i traces 
are best found in specimens voided when the patient is up ai.d about, 
and when, in consequence of such endeavor, the acid content of the urine 
has been raised above the average, or even night level. 

To obtain a twenty-four-hour sample some hour of the day should 
be settled upon, like eight or ten in the morning, at which time the 
patient should void naturally or be catheterized and this urinr bf dis- 
carded, All subsequent* voidings are then collected in clean (preferably 
steamed aijd distilled water-washed) vessels, the last voiding being 
timed to coincide with the hour at which the twenty-four-hour period 
was started. 

THE PRE8EBVATION OF THE UBINE 

• 

Urine should not be preserved, but be examined as fresh as possible. 
A few minutes suffice to bring about changes in urine which may be 
significant and a few hours may so disturb the value of a whole series 
of tests as to make them meaningless. Urine from an infected genito- 
urinary tract may, through ammoniacal decomposition, for example, 
give false readings as to acidity, urea content, presence of easts, and 
nature of original sediment; while a normal urine may, thnmgh in- 
fection with bacteria, begin to show a positive albumin react ion ns this 
is synthesized in the bodies of the microorganisms from the simple 
nitrogenous compounds present in all urine. 

If, in spite of such facts, urine must be preserved, erdd storage is 
least harmful and the use of sterilized containers will <io mud) to 
prevent undue bacterial contamination. Five or ten drops o orma - 
dehyd added to a pint of the secretion often works well. But under 
such circumstances a positive “sugar” test (Felding s tes » 
meaningless, for formaldehyd reduces such alkaline 1’ * * 

A few crystals of boric acid added to two or thren ounees , 

tard bacterial development, but boric acid changes t le • 
wrine and therefore the value of all tests regarding t is. j ^ ^ 
of chloroform, a little camphor or a few crystals of 
■small volumes of urine, but even these suhstanees in er 
tests (like those for traces of albumin) or they [irove { 

J'eally preventing bacterial or other decomposition. 
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PHTHOAL OHAKAOTEBlSTira OF THE TttlllS 

#'■ ' 

Quantity. — Tfe« urine must always be regarded as coiiEposed ol' (a) 
water, and of (6) dissolved substances. Urine, in other words, is not 
a unit but the complex of these two elements. In large measure the 
secretion of the water and the secretion of the dissolved substances are 
independent of each other. Instead of saying a kidney secretes a large 
amount of urine of low specific gravity,’’ or ‘*a small amount of urine 
of high specific gravity,” it is better to say a large amount of water 
containing a small amount of dissolved su^tances or a small amount 
of water containing much dissolved matter. 

The secretion of water by the kidney is in essence its first function, 
for without such water secretion, no dissolved substances of any kind 
can be put out by this organ. A good water output by the kidney is, 
therefore, the best first evidence of its functional capacity. The secre- 
tion of dissolved substances is secondary to this. This holds not only 
for the normal substances appearing in the urine, as sodium chlorid 
and urea, but even for all such ‘‘foreign” substances as potassium iodid, 
milk-sugar, methylene blue or phenolsulphonephthalein when used for 
functional testing. In other words, a kidney incapable of excreting 
water properly will never be able to put out any of these dissolved sub- 
stances properly. 

. On the other hand, a kidney may be functionally entirely adequate 
" and yet various dissolved substances may not be excreted properly. This 
is because many and widely differing factors, lying entirely outside 
of the kidney, may render impossible a proper excretion of any normal 
product of metabolism or any foreign substance (like a dye) injected 
to test ‘‘kidney” function. Thus it is often said that a kidney is func- 
tionally below par because the excreted urine, while sufficient in amount, 
is not sufficiently rich, absolutely or relatively, in urea. It is too often 
forgotten regarding the patients upon whom such remarks are made that 
the amount of urea in the twenty-four-hour sample of urine is even 
normally dependent entirely upon the amount of protein consumed. If 
the amount of protein intake is reduced, the urea excretion must be 
reduced in like measure. All urea determinations are valueless and 
all conclusions based upon such determinations are fallacious unless the 
protein intake of the individual is known. Because of lack of appetite, 
of inattention to feeding or because the patient is in coma, there is 
commonly; th the ill, a physiologically entirely inadequate intake of 
proteins. If instead of taking the normal daily average of 125 grams 
of protein, a hospital patient takes or receives only one-half or a quarter 
of this amount^ .the total upe| output will also Ibe but one-half or one- 
quarter ^ normal. But obviously, if such li low urea output is discov- 
4Bred;" it not to be laid to a kMney insufficiency as is so commonly done, 
but sdlelyf to' the pi^iological consequences of such a reduced die^. 

These things ^nsiderei|^ it becomlp clear why a proper determina- 
tion of the quantity of water given off by a kidney in each twenty-four- 
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hour ^ best, if not, the best, evi«]ern‘t* of its fuiurtional 

capacity. To moke sure that judgment reganling a given output is 
not fallaetool^ the following physiological facts must be borne in mind : 

Under physiological conditions water is taken into the bo<ly. in the 
case of the human being, only through the numth. Not only is water 
drunk as such, but large quantities are carried in with our fmwl, or 
are subsequently formed in the tiasucs througli the oxidation of hydro* 
eeii-containing foods (like the carbohydrates and fnts> to water. Water 
mav, however, get into a patient by other means. Tims it may given 
by way of the rectum in enemas or drips, either as plain water or as ao* 
called physiological” salt solution. It may also he absorbed from the 
serous cavities. The older surgeons, for example, frequently left a quart 
or two of “physiological” salt solution in the peritoneal cavities of 
laparotomized patients. 

The water from any or all such places is absorbed into the blood 
and carried to the different tissues of the body. Only a pari, ami thU 
not the major part, is lost through the kidney. This fact is constantly 
forgotten by physicians and all manner of erroneous conclusions follow. 

Water may be lost frbm the body (a) through the lungs, through 
the skin, (c) through the kidneys, and (d) through the bowel. Element d 
may be ’ignored if there is not a diarrhea or when eatharlies have not 
been aclministbred to increase the normal loss of water through the 
bowel. For the rest, the amount of water lost through the kulneya la 
dependent upon the absolute amount of free water available for exerC' 
tion* minus the amounts lost through the lungs and skin^ But let i 
not be thought that these are insignificant as* compared with thc^ 
lost through the kidneys. From the lungs is ordinarily lost as 
more (namely, 2,000 c.c.) (68 ounces) than from the ™ 

skin pours out from a third to one-half as much as 
500 to 750 c.o.) (17 to 25 ounces). The . t (51 to 

taken in or formed in the body (namely, l.oOO to , 

61 ounces) goes out through the kidneys. hp lost 

Other ttogs remaining constant 

through the kidneys if the activity of the lungs > urinary output 

and vice versa. For this reason, a hot day qj. 

of even normal individuals and a cold day me .< • urinary output 
the illustration fit the bedside ca^, a | of a pslient* 

is to be expected regularly after the success _ between total 

Since the urinary output is thus seen o organs, the following 
water intake minus total water loss fr'*® ,roin a study 

important diagnostic conclusions may 

of the ([aanfity of water put out h.v n jj^^re of water by the 

1. The secretion of 1,500 e.c. (ol ’ jjg the conclusion that 

kidneys in each twenty-four-hour 

• 'Why an in water output . 

to an “aeuto nephritie’ w aft'r Hu's (}' AiJ, il. Fladi«; 

Wood n^ly) t^ieh '''"rl'i.'i'. 'v Nerk. l»'%r 
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titejr are poaseased of as adequate faseti<nMd oapa<dtp- Thia remains 
true so far as the kidneys are concerned, even if the amounts exerrted 
run to 2,000 or 3,000 c.c. (68 or 102 ounces) or more, and whether the 
specific gravity of the urine be low or high. It is true even if the urine 
contains much albumin or many casts. The reasons for this will become 
clearer as we proceed, but it may be stated even* now that less than 
one-quarter of the total kidney substance (more nearly one-eighth), 
properly preserved, will maintain all normal urinary secretion, both as 
to water and to dissolved substances. Animals or human beings so 
' operated upon that one-half of one and all of the opposite kidney have 
been removed live indefinitely and are perfectly normal so far as all 
functional tests are concerned, as long as the remaining fragment of 
kidney is normal. Conversely, a normal water output from the kidney 
means that at least such a physiological minimum is doing its work well. 

2. The secretion of amounts of urine lying below 1,500 c.c. (51 
ounces) in the twenty-four-hour x)eriod needs investigation, but amounts 
as low as 500 c.c. (17 ounces) need not yet mean functional incapacity 
of a kidney. They may mean simply that the patient is not getting much 
water (as drink, food or by rectal injection), or that he is losing much 
through lungs, skin or bowel. To see if the kidneys are really at fault in 
a doubtful case, a quart of water should be given. If the urinary out- 
put jumps up some 200 to 500 c.c. (7 to 17 ounces) during the next 
two hoiirs, the kidneys are not at fault. If the secretion remains low, 

^ the kidoeys may yet not be affected ; the body of the patient may simply 
not be saturated with water, so that none is left over out of which to 
make a urinary secretion. The quart of water may, therefore, be given 
a second time at the end of the two hours’ wait. If the water output 
‘ does not jump up this time, the kidney efficiency (for either direct 
causes, as in generalized parenchymatous nephritis, or indirect causes, 
as in a decompensated heart with a bad circulation through the kidney) 
may definitely be considered below par — a conclusion readily confirmable 
by further study of the urine and the patient himself. 

Color.' — ^Urine is of a pale yellow color because of a pigment which 
it contains. Since the amount of this pigment, which is formed every 
twenty-^our hours, is fairly constant, the intensity of the straw color 
of the urine goes down or up with every increase or decrease in water 
excretion. In cold weather, after the patient has partaken of much 
water, and when the total water output is high in consequence of such 
diseases as diabetes mellitus, diabetes insipidus or arteriosclerosis 
(“chronic inteirstitial nephritis”), the urine is paler than normal; ir. 
hot weather, on the othei^ hand, and in all pathologl^l states which, 
decrease the water output (as heart disease, anemia, partochymatous 
nephritis^ et6,), the urinf is ♦deeper yello|f^i|t color than'^the normal. 

Tfhe fellow color becomee,< still deeper or iveii brownish when, iu 
coiideqileiK^ cf the inf^lo^^seases, urobilin aplp^ears in the urine. ^ 
more tlw iiomally Ibri^t fellow ui^e follows the administration of 
rhuharlf or sennar .Bed ui^llie indicate the presence of blood (oxyhemo- 
globln) 4 <«|though care must iso taken not to be led astray by the red 
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color ^vw -unae by vanous syntheHc drugs. Knowledge of what the 
p«tient IS tatog wd mteroscopie examination of the ur.ne or m 
blood-coiTpiMclea wiU help m the differentiation. If the he.noD-lotl^f 
ft. Mood to. ft -tkftj;,.?;: ' 

porphyrin, the wd color gives way to a .note brownish one Prel 
hemorrha^, as in lesions of the lower nrinarj- tract, therefore „,„«Ilv 
give pin^ or distinctly red urines; while older hemorrhage; ,he o 
diseases higher up (as in the kidney or in the Mood itselfl. are more 
apt to give Iras red and more brownish urines. Poisonings with various 
coal-tar derivatives commonly used in medicine, or with carliolic acid 
or resorcin, frequently yield “smoky” urine. 

Methylene blue, when used for kidney testing nr a.s a urinar>’ anti- 
septic, gives the urine a greenish color; phenolsulphonephthaleiii gives 
a bright yellow or red color, depending upon the aciditv or alkalinity 
of the secretion. 


Odor. — The odor of normal urine is familiar to most iiKiividuak. 
The change following the consumption of asparagus and due to the 
excretion of methylmereaptan is of no significance. It is amusing to 
note that no other ground than the development of this unpleasant 
odor seems ever to have been found for eliminatinpr this vegetahic from 
the dietary of victims of kidney disease/’ Aeetone can soinetimea 
be smelled in ^he urine. Since its presence is of preat imporfanec from 
a diagnostic, prognostic and therapeutic point of view (j?fc l)eli)w), it 
is well to make a mental note of such a finding. The snjell of ammonia 
in the freshly voided urine indicates decomposition of tlie urea, and 
is due usually to infection of the urinary passages or of the urine itself 
after being voided. When less obviously present it may mean a high 
degree of generalized acid intoxication (“acidosis”). 

Turbidity. — Freshly voided urine when normal is usually clear. This 
is true even of the mixed twenty-four-hour specimen. Individual sam« 
pies, as after meals when much acid is being poured into the stomach, 
may be turbid. This is because the urine at this time t**nds to become 


more alkaline and so various phosphates are precipitated. The matter 
is tested by adding a little acetic acid to the turbid urine. If due to 
phosphates, the turbidity clears. 

Even normal urine may become cloudy if chilled. This is especially 
true of the more concentrated urines as seen in patients who an* drinking 
little or perspiring much. It is also true of the concentrated urinc<< 
of patients who are the victims of severe heart disease or generalized 
kidney disease with decrease in urinary output. In such unnes, the 
white, pink or red precipitate.s of the various urates settle out because 
of their lessehld solubility in cold wat-r. I f the iuihi<!HNS is < lu 
to urates, it trill disappear on warming the urine. 

Turbidity imy al^ be due to b«-teria, U> ^ 

elements like white Or red Wood-eorptisiilw, or 
Microscopic examination (which sec) will ^ nHuallv to be 

8p«4 araTity.-Speeiflc gravity det-ruunat,... . „r.. ,,«m.l^lo^ 
made upon the mixed twenty-four-liour spe( n 
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purpose a hydrometer of the proper range and known as a uruvo- 
meter is used. The urine to be tested is ordinarily poured into a special 
cylinder, but if a larger glass or conical graduate is available, it is 
really better. No foam must appear on the surface of the urine. If 
such is present, it should be skimmed off with a bit of clean filter 
paper. The urinometer, which should be absolutely clean, is now im- 
mersed in the urine and given a spin, care being taken to see that the 
neck and scale of the instrument are moistened to a sufficient height 
by the urine. Before the specific gravity figure is read off, it is made 
sure that the instrument is fioating free, not having attached itself to 
the side of the cylinder. The reading is made from the lower line of 
the meniscus. 

Under normal conditions the specific gravity of the twenty-four-hour 
mixed sample of urine is supposed to lie close to 1.015. It may vary, 
however, between 1.010 and 1.025, not only from day to day, but from 
hour to hour in the same day. In alleged pathological conditions, the 
extremes may run from 1.002 to 1.060. 

Specific gravity determinations upon the urine, while readily made, 
probably more often lead the practitioner ol medicine to false con- 
elusions than to correct ones. This is because it is too largely forgotten 
of what the specific gravity is a measure and what factors in the case 
of the urine influence any or all of the values found. 

The specific gravity of the urine is a rough index to the amount of 
material dissolved in the water of the urine. Distilled water being 
taken as unity (1.000), every substance dissolved in such water (except 
such as have by themselves a lower specific gravity than water) raises 
the specific gravity of the liquid. The amount of increase in specific 
gravity over that of pure water varies, not only with the kind ot ma- 
terial dissolved in the water, but with its concentration.* 

If the type of the dissolved materials is fixed (like urea and various 
salts, for example), specific gravity measurements become an Index of 
the amount of such dissolved substances in the unit o volume of the 
solvent (water). 

With these things and a few physiological facts clearly in mind, it 
will now be apparent of how much (or how little) significance the ordi- 
nary specific gravity determinations are. 

It is in the urine that certain ultimate products of body chemistry 
(like urea) are thrown off, plus those elements of the diet which are 
not used in the elaboration of heat or other types of energy in the bod.v 
(namely, tlje ‘‘ash’' or salts taken in with our food), and it is to the 
presence of ibis urea and the various salts that urine owes the fact 
that specific gravity exceeds that of distilled water or 1.000. Con- 
versely, the specific gravity may be used t<f calculate the total solids 
in tjfee unit volupe waterv^^or this purpose^e figures %f the second 
and third decia^ ^ints are multiplied by 2JI§'^,pIaeser’s coefficient * 
the answer givei, being the amount of solids in grafiis per liter. Thus 

* alili with the temperature, but this element is commonly ignored in 

elinlj^ alralyses. 
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urine witli e specific gravity of 1.015 wmild contain 15 v 2.33, or 34.05 
trrains cf solids in the liter. If the patient vindeil 1.500 e.c. of urine 
in the twenty-four hours, his total solid output for this period would 
he 52A2 grams. 

The calculation of the total solids thus put oiit is probably the belt 
one value which speoific gravity determinatiiins can yield us, but even it 
does not ordinarily mean much. The reasons for this arc as follows; 

The amount of solids lost in the urine is «iependenf primarily upon 
the total food intake, for it is this which determines lud only how 
much protein is taken, from which urea may Ik* prculiu-ed in the hnly. 
but the total food intake determines also how mut‘h of various salts will 
be freed in the body to be lost through the urine, the lK>\vel or the skin. 

Other things being equal, a low total solids output merely me»n» 
that the patient is not eating the averajre amount, either b.‘enuHe he 
is ill and so does not swallow or properly use his food, or beeause enotigh 
food is not , being furnished him. If. for example, the ordinary adult 
who on lis grams of protein plus his ordinary earbohydrate and fat 
ration, excretes 1,500 c.c. urine of a specific -ravity of 1.020, sinldenly 
takes only half this ampunt of food (with water intake ami loss kept 
constant), there follows a fall in spceific gravity whieh. if the volume 
of urine voided remains the same, will give the urine a speeifie gravity 

meJf iheUistake is made in these speeifie gravity ■•‘•'"'"--'i'’"" 
is in assuming that such apparent deviations from an , 

specific gravity mean, if too low, “kidney disease i ^ ‘ 
tLtitial nephritis) ; if too high, diabcte.s 

oLously, everything which makes for » •'---■i;;;’”';; 
and. therefore, for a decrease in the off the 

specific gravity of more than 1.000 to t spetofie 

kidney, is going to make for V'" L'inse us, 'there 

gravity. Urine of low specific gra includes most hospital 

fore, in pafients badly fed or , j’ ear- 

patients on a “light” diet), in l’« pJrsistei.t m.useas, eomatoK* 
cinomas, acute and „r iovnlmitarily under 

individuals, etc.), or persons who a iii'irved for gasirie uleer. 

going starvation (mental eases, pat.ents he..,,, st,,r^. 
etc.). ,, ft intake is noniittl in amount, 

On the other hand, r" 1^1. r keiney.’ will ag«n, yield 
a more than usual excretion of wu ^ drinking may by 

a urine of low specific gravity. « . with low 

be sufficient to yield a “large danker, of coffee 

gravity.” Not only htavy ,,,,„.rd in ‘.wh 

tea or beer come in this affei ted. . 

on such evidence alone to think the \ . ^ „f the «k.n^ 

Cold weather (with „,,„,fore the speedle 

lung) increases the water output by ti. 
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gravity of the urine in cold weather is iini{<nmi!y low«r than in warmer 
weather* If a better circulation through the Iddneys and a poorer one 
through the skin or lungs is brought about by a psychic state (as in 
fear or hysteria), the net physiological result is again the same — jnore 
water voided as urine and this of a lowered specific gravity. 

In diabetes insipidus we have also (for, as yet, unknown reasons) 
such a large water output by the kidney ; wherefore the urine of these 
individuals on the average diet is also of low specific gravity. 

Such facts will suffice to show why, even when the secretion of 
much urine of low specific gravity is persistent, it need not yet mean 
‘‘chronic interstitial nephritis.” When the latter diagnosis seems justi- 
fied because high blood-pressure, cardiac hypertrophy and occasional 
casts with a little albumin confirm our suspicions, it must still be clearly 
kept in mind that such high secretion of water is an index of good kidney 
function and that if the total solid output corresponds with the intake, 
everything is to be looked upon as favorable so far as the kidneys are 
concerned. If a bad prognosis is to be made, it must be made upon 
other findings than those shown by the urine.* 

Reverse conditions will, on the other hand, yield urines low in 
quantity and (in consequence) high in specific gravity. As a matter 
of fact, if the diet is average, all low water outputs by the kidneys 
are uniformly associated with a high specific gravity of the secretion. 
Sweating will bring about this result whether due to hot weather, a 
hot pack or a high fever. A psychic state with vascular dilatation of 
the skin blood-vessels will do it. If the vascular dilatation follows a 
bigger than usual dose of alcohol, the kidney secretion will again mirror 
the fact. 

All pathological conditions which make for a restricted water secre- 
tion by the kidney also work toward this end. It is for this reason 
that the output of little urine with a high specific gravity is common 
to all conditions which make for an increased capacity of the body tissues 
to hold water, as incident to, the “acidoses” consequent upon all the 
anesthesias, the intoxications with alcohol, or the intoxications with the 
products of various acute infectious diseases. Because such “acidoses” 
appear also in the severe anemias, the cardiac decompensations and the 
poisonings with the various heavy metals, •• the urinary findings arc 
again the same. And this is true also of the secretion coming from 
those kidneys which are the victims of an acute or chronic “generalized 
parenchymatous nephritis” — essentially an edema of the kidney paren- 
chyma produced by the same poison or poisons which elsewhere in the 
body may have given rise to an edema there. 

Only one type of specific gravity finding in the urine would seem 
to justify a single and that an undebatable type of conclusion. This 

* The' alleged oonsequenoes of kidney disease are touehed upon below. For a 
more detailed discussion .sec Martin H. Fischer: ** Edema and Nephritis,'* 2nd 
tion, John Wiley and Sons, New York, 1915, p. 482. 

••For references to the literature, see in Bibliography Martin H. Fischer: 
‘‘Edema, p. 122; “Nephritis," pp. 52, 173, 186j “Edema and Nephritis," ’ 
425^ H. B. Weiss; William deB. MacNider, 
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concerns tl» ootpfttt of lar^ amounts of urine of a high speeific gravnv 
In the patlH^ Of the human organism we know of but ^ 
picture a^a that appears when more than the usual amount of jsolid 
substanee appears in the urine following even the normal or avernirr 
intake of food. In diabetes mellitus the carbohydrates cannot be utilised 
in normal fashion ih the body, but persist as dextrose and arc in this 
form thrown off in the urine. Even though such an individual drinks 
a greater than usual amount of water (because of the dehydrating ef. 
fects of the sugar upon the tissues, and the thirst produced thereby), 
the amount of solids in the urine may still remain so high in the unit 
volume of water as to yield a urine of persistently high specific gravity. 
But the trouble here is not in recognizing the possibilities of having before 
us a diabetic under such circumstances ; the real danger lies in being 
lulled to sleep from the opposite type of findings and thus In'ing made to 
miss a diabetic who, even with sugar, shows no material increase in die 
specific gravity of his urine. It is for this reason that, even in diabetes, 
one qualitative Fehling’s or other sugar test is worth a thousand speeific 
gravity readings. 

Summed up, we may therefore say that, if the diet is not properly 
considered, all specific gravity measurements are worthless; that if th* 
diet is considered, tl^e specific gravity is of importance only as this 
is multiplied jby the amount of urine put out. A kidney putting out 
a liter of urine at 1.020 is functionally just as good as one putting out 
two liters at 1.010 and vice versa. If the kidney is going to be blamed, 
it must be done only after all the physiological and pathological factor* 
which lie outside of the kidney and which determine separately the 
amount of water that comes to the kidney for excretion and the amount 
of dissolved substance that comes to this organ for the same purpose 
have been properly judged and disposed of. The golden rule remain*: 
When in doubt , judge the Icidney ftmef tonally normal \f it is yielding 
a proper amount of fluid, no matter what Us specific gravity. 
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Titration Acidity. — An abnormal protluetion or aecumulation 
in some or all of the organs of the body, and acting upon * 

found here, is so essentially the underlying eaiise of #'derna am o m* 
eases which in essence are nothing nion* than l*'^'"*^*** 
uremia, glaucoma, nephritis, etiO. that mhim* snap 
of recognizing the existence of sueh an abnorinal pr^n ^ 

lation of acid and of gauging its intensilx* ^ of ^ ^ ^ 

We have not at present any methods .h.rii 
directly measuring changes in the <<'>i ' >• J' ; 

of the body. We can, however ineasu,-.. . j a. ^ 

bathes them as well as the avidity ^ ^ .vin,.iiuris! the wme. 

body, as the urine, saliva and s^^eat. - < 010 hi. If, mieh 

the laws of chemical equilibrium tlu n poim. 

Vau I.— 28. 
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TariatioiiB, that there must have been similar chaBges in the tissues 
from whi^ they came. Thus, an increase in the aeidity of the urme 
means, generally speaking, an increase in the acid content of the kid] toy 
from which it came, and vice versa. 

We have now to say exactly what we mean hy urinary “acidity.” 
In the days before physical chemistry, acidity and degree of acidity 
were usually measured by titrating with an alkali of known strength. 
This gives the so-called titration acidity ot a liquid, and this type of 
analysis has been applied to the urine, as to many other fluids derived 
from the body. The titration of such a liquid as urine is not, how- 
ever, an easy matter, for it owes its “acidity” not so much to the 
presence of a certain amount of “free” acid, as to the presence of a 
series of so-called “acid” salts (in other words, salts of a polybasic 
acid, like phosphoric, in which only a part, like one atom, of the re- 
placeable hydrogen has been neutralized by a base). Even the best 
methods (which too often introduce considerable error because they 
call for the addition of water, of various salts, or of other materials 
to the urine which modify the acidity) are not free from criticism. 
Nevertheless, such titrations will yield important results if the physician 
will do them. 

A titration, which for clinical purposes is sufficiently accurate, can 
easily be made by adding to 25 c.c. of the urinary sample one or two 
drops of a 0.5 per cent, solution of phenolphthalein in 50 per cent, 
alcohol and then titrating with one-tenth normal sodium hydroxid until 
a permanently pink color is obtained. 

The capacity of the urine for thus neutralizing alkali varies greatly 
through the twenty-four hours. Generally speaking, it is lowest just 
after meals and highest just before meals, after exercise and through 
the night. When mixed twenty-four-hour specimens are compared, nor- 
mal urines do not ordinarily take up more than 20 to 30 c.c. of one-tenth 
normal sodium hydroxid per 100 c.c. of urine. 

Because urinary titrations |ake time, and because, if they are to 
be of any service to the patient, they must in many instances be done 
frequently (perhaps several times daily in the acute cases), such analyses 
are likely to be ignored. Carelessness in this direction is further fos- 
tered by the statement that such determinations are of no value, any- 
way. The practitioner is in this way tempted to let the whole matter 
of a quantitative determination of acidity slide by him or to content 
himself with dipping a strip of litmus paper into one or more samples. 
But since all human urines, with the exception of those voided just 
after meals, show an acid reaction to this indicator, not much is thus 
learned regarding any abnormally high acidities which, either because 
of their intensity or because of the length of time which they persist, 
are likely to prove dangerous to certain organs in the patient’s body 
(as in glaucoma^ uremia or acute nephritis) or to the life of the patient 
himself. 

The titration acidity of the urine has by scores of investigators been 
found to run much above that of normal urine in a large number of 
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diseam (M in heart and r^piratory diseases, in anemias ami infeo. 
tions, m diabetes and nephritis, etc.) and may to this dav L 

advantage m the study and therapy of such clinical statcsf (Mneetion« 
to its use are found in the previously exprcss^^d short cfuninjs* that a 
really careful employment of titration methods is too time-^onsuminir 
for the average practitioner and, second, in the fact that tAc titration 
acidity of the urine is not an absolute guide to the degree of arid intoxi 
cation occurring in the body as a whole or in the kidney in partieular. 

The reasons for this are, of course, obvious. When, for example, we 
compare the poisonous effects upon living tissues of equi%'aleiit con* 
centrations of phosphoric acid, ammonium dihydrogen phosphate, diam^ 
monium hydrogen phosphate, and triammonium phosphate, the first ia 
found to be highly poisonous, the second more mildly so, and the third 
and fourth still less poisonous, in the order named. Yet the titration 
acidity of all four, as ordinarily determined by titrating vith standard 
sodium hydroxid solution, gives the same reading. Thew? facts moat 
be kept in mind when judging the clinical significance of the titration 
acidity of the urine. For, clearly, were a urine filled with pure, highly 
poisonous phosphoric aaid instead of the comparatively innocuous dibtaie 
or tribasic salt, the titration acidity would not bdray the fact. De* 
termination of the titration acidity has nevertheless a distinct value if 
what has beenj said be kept in mind. It is capable of giving us definite 
evidence of tjie existence of an abnormally high acid content in the 
urine (and therefore in the kidney or the Inidy as a whole) and of the 
changes in this from hour to hour or day to day. Titration acidity does 
not, however, as the above facts show', vary direvtly hh tho degree of 
intoxication, and only ignorance of the elementary facts of chemistry 
would ever lead any one to expect such complete parallelism. 

Hydrogen-ion Acidity. — The physical chemists have more recently 
distinguished between the latent and the active aciditicn of a fiuid, 

meaning by the first the total replaceable hydrogc’o, by the secoml 

the hydrogen-ions yielded upon solution in water. When the physical 
chemists speak of acidity they usually refer to the active or 
ion acidity, and a large portion of them believe that nil so-called act 
effects are dependent exclusively upon the pres/otee and the roim ter o 
these hydrogen-ions. When the acid content of a Kystem is incrcas^J. 
there follows usually an increase in the hydrogen ion 
ing the amount of acid in a beaker of water is folhiwet 
in the number of hydrogen-ions, and when we dea 
solutions the increase in hydrogen-ion acidity js very n 

tional to the increase in the amount of acid. T . rontainiiitt 

that the hydrogen-ion acidity of urine coming rom a or 

a more than usual amount of acid, eiflier , . usually 

because of a more generalized acid into.x.earimi m 
increased. The increased acid content of the kn nev . . 

of chemical equilibrium, demands an increase increased hydro- 

coming from it, and as an expression of this we fimi « 
gen-Z acidity. The hydropen-io« acidity of th. nnne can he mcaa- 
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m*ed in various ways, and, since some of these can he used elinicaliy, 
it constitutes one figure of value in judging a kidney case. 

li must, however, he clearly understood from the outset that hydro- 
gen^on acidity determinations of the urine can alone he no ahsolute 
index to the severity of the acid intoxication occurring in the kidnen 
or the body as a whole, nor yet that every increase dr decrease in hydro- 
gen-ion acidity is or must he followed hy a corresponding increase or 
decrease in the severity of the acid intoxication. The reasons for this 
are, of course, obvious. The attempt was made some twenty years ago 
to show that the toxicity of various acids, as determined by their effects 
upon growing plants, the sense of taste, the absorption of water by 
muscle, the aggregation of infusoria, etc., followed their degree of ionic 
dissociation. It was early learned, however, that no such parallelism 
exists. Thus it was found that acetic and other organic acids with 
their low dissociation produced physiologically as great effects as the 
highly dissociated hydrochloric, nitric, and other acids. On the other 
hand, the rather highly dissociated sulphuric acid produced physiological 
effects far below the weakly dissociated organic acids. In otW words, 
physiological effect is not determined solely or even in the main hy the 
degree of dissociation. The author was the first to show that an entirely 
similar disproportion between degree of ionic dissociation and effect 
produced, holds for the swelling of various protein colloids, and in so 
doing emphasized that the observed physiological reactions depend, in the 
main, upon the protein constituents of the tissues under consideration. 

It would, therefore, have been manifestly absurd for the writer to 
have claimed that any physiological effect could be measured by merely 
determining quantitatively the hydrogen-ion acidity, and this whether 
we deal with purely physiological reactions or with the question of 
the development of the signs of a nephritis in a kidney. An increase 
in the hydrogen-ion acidity of the urine above a normal standard may 
serve as evidence of an abnormal acid content in the kidney itself, but 
it can never be a complete m^sure of the degree of the intoxication. 
To make the matter more concrete, we need but illustrate this by say- 
ing that on poisoning an animal or a kidney with hydrochloric acid 
there occurs a great increase in the hydrogen-ion acidity of the urine, 
yet if we produce a similarly great intoxication by the use of lactic 
acid only a slight rise is observed ; on the other hand, intoxication with 
sulphuric acid again gives us a great rise in hydrogen-ion acidity, and 
yet comparatively little effect on the animal or the kidney. 

To these considerations needs to be added the further fact, so often 
emphasized by the writer, that an increase in the acid content of 
any organ in the body, as the eye, brain or kidney, does not alone de- 
termine the degree of effect produced. The presence and kind of salts 
found’ in that organ influence markedly its swelling, its ‘‘solution” 
and the degreo’of incapacitation of its function and mere measurement 
of the hydrogen-ions in the urine tells us nothing of these factors. As 
a matter of fact, the addition of salt (even of neutral salt) to an acid- 
protein mi:rture brings about an actual rise in hydrogen-ion acidity of 
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the about the protein as this slirinks. The same fact cao at 

times be observed elinically when a temporary ri.sf in tlie hydrojfen ion 
acidity of the urine follows the active ndminislration of salt alone. 
Unless such simple principles of physical and colloid chemistry arc 
borne in mind, we shall never come to a correct understanding of the 
value and limitations of such hydrogen-ion determinations. 

Of the methods that have been or may be nsed to measure the hydro- 
gen-ion acidity of the urine (or any other body fluid )» nearly all are 
too complicated for routine clinical use. 

To get a method which would yield for clinical purposes sufficiently 
accurate data and still be simple enough to be employed by any one, 
the writer used graded indicators such as the physical chemists employ.* 
By using a number of dyes which show color changes at definite hydro- 
gen-ion concentrations and then using the same indicators on the urine, 
it is possible to determine its hydrogen-ion acidity. The indicator 
are so chosen that their turning points varj^ from each other nppi^xi- 
mately by the power of ten. Of the many indicators winch migld be 
used, thwe are best which do not give colloid precipitates when adiW 
to urine The followihg series, the end points of which are sha p 
and can ‘be readily recognized even in highly-colored urine, have given 
excellent resets in the writer’s hands. 
i™a SssL ros 


Name of Indicator and Method of Preparing Same 


Methyl oramte (0.5 gram in 100 c.c, distilled w ater) 


Conoentmtiiin of 
Hy(ir<;Krn-IoT»M 
■W'hfn IndH'ufor 
Changes Ctilor 


('olor of Imflr-attw 


Paranitrophenol (2 grams in 100 r.c. ntf ohol) 


Bivo’s red> (2 grains in 100 c.c. 

Methyl red (0.2 gram in 100 c.c. alcohol)^ 


I \o ' 


In Acid 

Boiulioii 

Sfilrnoii 

pink 

1 ColorlftM* 

I Rwl 

! 

1 Magenta 
: nri 


In Alkshne 
I Solution 

1 brnnge- 

i yoilow 

(SrtMcnislv. 

yellow 

I f'anary 
! yellow 

('ansry 

j yclhiw 


RosoUc acid (0.5 gram in 50 c c. alcohol. 


' Phenolphth^iriiT^gra^ in 100 e.c- 
Thymolphthalein (0.5 gram in 100 c.c. alcohol) 


Omngc- i Magcnl* 
ir’ I ycllovt ' ... 

Colorless [lliutsh-wi 

O-n' ' ■ ll^olorlcsH i BltH- 

xThisisthe^hydrocW^ofpa^ 't V d^ ^ 

In practice, 10 c.e. of wine «« P’"®fi’"„ot'araUaWri8 first rinsed 
a porcelain dish, ^Wch’ if d-stil indicators are 

in the urine to be tested) a j, 

r. Am. J- ^yaroRen ion a^ItT- 
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then added to it. By trying snctsessive indicators one is finally found 
toward which the urine is neutral. The urine has then the hydrogen- 
ion concentration represented by the turning point of that indicator. 
As the acidity of the urine runs up, it will, of course, show an acid 
reaction to the upper members of the list, and as it runs down, to 
the lower. The turning point of the commonly umd litmus is about 
that of rosolic acid. Urine, not acid to phenolphthalein, is alkaline to 
litmus, while thymolphthalein still remains colorless in urines which are 
distinctly alkaline to litmus. 

As is to be expected, the hydrogen-ion acidity of the urine shows 
great variations even in health. A man doing muscular work, or on 
a predominantly meat diet shows a higher acidity than one in bed or 
on a predominantly vegetable diet. The urine after meals is less acid 
than that before meals, and the night and early morning urines are 
more highly acid than those obtained after breakfast. The measure- 
ment of the hydrogen-ion acidity of the urine is one of the few tests 
in which averages and twenty-four-hour samples give us least informa- 
tion, and one less valuable than isolated tests at frequent intervals. The 
reasons for this are obvious. An athlete starting with a urine alkaline 
to methyl red secretes one highly acid to this shortly after going to 
work. But the urine returns to the originally alkaline state after a 
short rest. In the period of observation the urine originally free of 
albumin and casts becomes rich in these* and then loses them again. 
Had we measured only the average acidity as obtained by mixing the 
three samples of urine, we should never have discovered the acid wftve 
and perhaps maintained that the hydrogen-ion acidity never went above 
the normal, as do some of the author’s critics. The same is true of the 
alleged ** physiological” and orthostatic albuminurias. At bed-rest the 
urine shows a degree of hydrogen-ion acidity which increases as the 
patient assumes the erect position (while albumin, casts, etc., appear at 
the same time), to fall again qp resumption of the horizontal. Only 
many tests at frequent intervals will betray these constant changes. 

What we are interested in particularly, therefore, are the highest 
acidities registered and the length of time these remain active. Other 
things being equal, it is these two factors which determine how much 
effect is going to be produced on the colloids of the kidney. 

In practice, when shall we say our patient does not exceed a safe hy- 
drogen-ion acidity of the urine ? To get at this value the author chooses 
the highest hydrogen-ion acidity registered by healthy men on a full 
diet at bed-rest. Such individuals do not show a hydrogen-ion acidity 
sufficient to turn methyl red to the acid side except, perhaps, in the 
night urines voided between two and seven in the morning. The urine 
of healthy individuals who are up and about and on a full diet is 
also alkaline to methyl red for most of each twenty-four hours, though 
for obvious reasons, muscular exercise, high meat and fat diets, etc., 
may increase these hydrogen-ion acidities. 

In actual practice^ therefore, methyl redehouLd he used as the routine 
indicator for all urims. Those which, for the major portion of each 
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twenty-foOf honrs, or always, have an acidity above this noiot *1.,, _ •* 
eonsidars abnor^ly acid. Figures below ‘this point a?d down Tthe 
turai^-pojnt of htmm or phenolphthalein he considers norma? Vhe 
no phthalffln rarely shows an alkaline reaction (if ammoniaeal decomw- 
sition of the unne is not present) unless alkali is being fe.l to the natTe?? 
men the nrme beeoAes alkaline to thymolphthalein, too large q«Ltiii« 
of alkaU aw Inting given, and the possibility of getting an albuminuru! 
due to alKUli is at nana. 


When methyl red is used in routine fashion on all patients it will 
be observed that a large number run constantly acid to this indicator. 
This serves to bring home how common are low-grade types of acid 
intoxication. The acute and the protracted infections, starvation cases, 
diabetics, patients with cardiac and respiratory disease, and pa- 
tients with generalized parenchymatous nephritis, all show an abnor- 
mally high hydrogen-ion acidity. In ambulatory patients with 
chronic interstitial nephritis secondary to vascular disease such an ab- 
normal acidity may be lacking, even though casts and albumin be pres- 
ent in the urine. In the later stages of the disease, especially when the 
circulation i^ beginning to fail, a high hydrogen-ion acidity is the rule. 
When the acidity of the urine lies constantly below the turning-point 
of methyl redi or when by the administration of alkali it can Ihj made 


to do so and<be kept there, it augurs well for the patient. On the 
other hand, thie author cannot recall a single patient in whom it was dif- 
ficult or impossible to hold the urinary acidity below that of the turning- 
poiret of methyl red who did not die. 

The correlation between increase in the hydrogen-ion acidity of the 
urine and the appearance of albumin and casts in it {sec below) can 
be easily observed in athletes who voluntarily produce much acid, as 
well as in patients with orthostatic albuminuria, or in heart cases show- 
ing the first evidences of insufficiency. After exercise or on assump- 
tion of the erect position the acidity mounts from somewhere below 
the turning-point of methyl red to a place above, and if this is main- 
tained for little time casts and albumin are likely to appear. The 
more definitely neutral the urine before such added efforts, the longer 


does it take for the casts and albumin to appear. 

If the facts here outlined are borne in mind, the simple methods 
of measuring the hydrogen-ibn acidity described prove of muc i c inica 
use. They apprise us of the existence of low degrees of 
tion in patients in whom we do not ordinarily look for suci. ^ 

nizing and meeting them by «iiph further 

increase the reserve of these patients against the e ec .s o of 

intoxication as may be due to infection, anesthesia, acidity 

operation. Or, in the established case, a fall m the y g natient 
of the urine tells us that our therapy, so far as a a “V" method is 
is concerned, is of a successful type. Since the to 

exceedingly simple, we can follow ‘j?® Tcuter manifestations 

Uour, an important fact when we deal " ‘ ^ eomplete suppression, 

of nephritis and allied conditions. In case 



m PEACTICAL URINAtme IfflTHOBS 

oilier words, when there is no urine to tdl ns wh^ we hsTe sue- 
ecie^ed in getting an ‘adequate amount of alkali into our patient, ike 
reaction of the salim serves as a useful guide. Ordinarily this is neut i :ii 
to litmus paper, but it turns acid in various intoxications; Alkali 
should be given until it again turns neutral or even slightly alkaline to 
this indicator.* * 


AOETONE BODIES 

{Acetone, Beta-Oxyhutyric and Diacettc Acids) 

Introduction. — The acids which appear in the urine are in part the 
normal or physiological products of the chemistry of the body, in part 
of abnormal nature. 

Under the first heading come, for instance, phosphoric and sulphuric 
acids, which are formed for the most part through the oxidation of 
the phosphorus and the sulphur found in the various proteins. With 
other things unchanged, a high protein diet will, therefore, tend to make 
the total acidity of the urine (whether measured by titration or by 
hydrogen-ioii determination) run up, because such a diet increases the 
amount of sulphuric and phosphoric acids formed in the body. Mere 
increase in consumption of protein need not, however, at once mirror 
itself by an increased titration or hydrogen-ion acidity, as discussed in 
the previous section, for it all depends upon the amount of alkali avail- 
able in the body, or consumed with the protein, as to how much overplus 
of acid will be present. For this reason the ordinary mixed diet, which 
contains enough alkali in the vegetables and fruits that go with it, yields 
a total mixed urine but slightly acid or nearly neutral, for the alkali of 
the vegetable side of the diet neutralizes almost exactly all the overplus 
of acid resulting from the oxidation of the proteins. Finally, when 
for the ordinary mixed diet there is substituted the so-called vegetable 
or milk diet, the overplus of aflcali may so far exceed the production of 
acid that a urine distinctly alkaline in reaction may be voided through- 
out the twenty-four hours. Man is then like the herbivora which for 
this reason secrete normally an almost persistently alkaline urine. 

Abnormal Acids of the Urine. — ^Among the abnormal acids found in 
urine, two groups deserve special attention. The one of these is repre- 
sented by lactic acid, the other by beta-oxybutyric and diacetic acids. 
A qualitative test for lactic acid is readily made, but it is of too little 
importance to the general practitioner to demand this effort. But a 
qualitative or quantitative estimate of at least some one of the second 
group is of tremendous importance; wherefore this should be made 
regularly. 

Acids of the type of lactic acid appear in individual organs of the 
body or in the body as a whole whenever there is an interference with 

* The ordinary litmus paper is weU-aigh worthless. It ^ould always be tested 
for its sensitiveness before dependence is placed upon It Only the neutral litmus 
paper of the best manufacturers has proved of service in the writ^^S hands. 
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the oxidation processes in the involved parts. Lactic and other 

acids taay in consequence appear under a larpe number of widely 
diffciing circumstances. They will appear, for example, whenever the 
intake of oxygen by the whole organism is shut down directly, as in 
poisoning with inert gases like hydrogen or nitrogen, or when there is 
a gross interferende with the intake of oxygen, as in edema of the 
glottis, pressure of an aneurysm upon the bronchi, etc. A lack of 
oxygen to the body may also be induced, even in the presence of an 
abundance of this gas, if the oxygen absorbing powers of the blood are 
reduced. We shall therefore have lactic acid in the urine in the severer 
anemias*, after large hemorrhages, or in poisoning with carbon xnonoxid. 
Again, the oxygen supply may be plentiful, the oxygen carrying power 
of the blood normal, but the functional capacity of the heart so low 
as not to guarantee an adequate circulation. In all uncompensated heart 
lesions, therefore, be they due to valvular lesions, to imis.-.ilar lesums 
or to oericarditic effusions -which embarrass the action of the heart, * 
lack of oxygen will he manifest, from which all the body tiisues wl 
suffer, resulting in an abnormal production of lactic and 
in them and theae acids will appear in such unne as is excreted, mat 
is for heart lesions is true also, of eoume for reap-atory J^i^e 
whiXinterfcre mechanically with the intake of oxygen, like extensive 

intoxication of the parenchyma inadequate ntiliiation of 

ence of a normal 

the oxygen in that organ, t edemas due to a swell- 

“diseases” are in essence noting but ^ “ production and ae- 

ing of the involved tissues v belong parenchyma- 

elnlation of acid in them. Under the eyelsill). 

tous nephritis (edema of the lndney).e congested liver (cloudy 

“uremia” (ede^ of the brain), passively co g 

swelling of the liver) , etc. effects of a snboxidation 

In all these conditions “ Jvious reasons the total 

acid poisoning in organs, though for „,,aed 

dnotion of acid may he too small to mirro 

by such a patient. . .. suboxidation acios u 

The fate of this lactic acid and * phosphom 

formed in the body is the present in the body th« 

and sulphuric acids. If ®”°f effects of the intoxication ^th 

acids are neutralized as *«™ed, an h inhibited «nt»^y- 

the lactic acid may in consequence temne examination of fte 

It is for this rMSon that a pr P ma’nts’n^ _ 

urine, to determine whether i j jevel, is of such lue®* ^ . 

safe distanee below the Lrapy is determined exclusively y 

ance ; the adequacy of an a 
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sucliinvestigation of the urine. Alkali must he f^d in sufficient amounts 
to Mp the urinary acidity well below that of the turning point of 
methyl red, no matter how much is required. The normal human being 
needs but 5 to 10 grams (% to % ounces) of fodimh bicarbonate 
in each twenty-four-hour period to accomplish this purpose, but persons 
with heart disease, diabetes, carbon-monoxid poisonuig, mercury poison- 
ing, etc., may require 100, 150 grams {8?4, 5 ounces) or even more to 
accomplish the same result. 

Mechanism of the Production of Acetone Bodies. — ^The origin of 
acetone and of beta-oxybutyric and diacetic acids needs to be borne in 
mind in order to recognize how much may be accomplished by even a 
qualitative test for any one of these three substances in the urine. The 
three materials are closely allied from a chemical point of view, usually 
appear simultaneously and are derived from a common source. A quali- 
tative test for any one of them, if properly made, may, therefore, be 
taken to indicate that all three are present in the specimen examined. 
The importance of finding one of the acetone compounds in the urine 
lies in the fact that such discovery indicates the existence of carbohy- 
drate-starvation on the part of the organism. • 

When we test by titration or with graded indicators the acidity 
of the urine, we do not, of course, know whether this acidity is due 
to the normal phosphoric or sulphuric acids, to lactic acid, or to diacetic, 
or beta-oxybutyric acid. So far as the effects of the acids are con- 
cerned, they all tend to kill the organism. From this point of view we 
are, therefore, not concerned with their qu|ility. We simply give enough 
alkali to neutralize all these acids as formed and let it go at that. But 
as conscientious practitioners, we cannot stop here. We are interested 
also in the mechanism by which the acids are being produced, for we 
need to know this in order to better control such acid production. A 
knowledge of what the factors are which bring about the acid produc- 
tion is, therefore, highly importapt, , 

We have already observed now a high acidity due to phosphoric 
and sulphuric acids may be reduced by cutting down the inta^ of 
protein. A reduction in acidity, when due to lactic and this groib of 
suboxidation acids, can be brought about only by giving the pati«i|it a 
better oxygen supply or by aiding him to a better utilization of oiygen 
'in the body. Obviously such a result is brought about only by a re- 
moval of the condition or conditions which are making for the inter- 
ferences with the oxygen supply. It is for these reasons that we order 
fresh air for the anemic, bed-rest for the cardiac patient, and antidotes 
in poison cases. -f . 

When a patient is being poisoned by beta-oxybutyric and diacetic 
acids, we can inhibit the process only by improving the conditions which 
make for better utilization of carbohydrate in his bfdy or by cutting 
down or out the substances out of which these acids are chiefly formed 
jjat). Sometimes it is not possible to do as much i^ this direction as 

might wish (as in the severer diabetics), but there is a widespread 
and definite interference with a proper utilization of carbohydrate 
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in a number of individuals who are in no sense diabetics, but aro 
ill ill O^er directions. Sugar-starvation, moreover, is induced in a 
large number of patients through bad feeding alone, and since a patient 
is just as dead if starved to death through bad feeding as he is if he 
dies from diabetes, the recognition of the existence of a carbohydrate 
starvation is of paramount importance. 

It is now generally held that acetone, diacetic and beta -oxy butyric 
acids are derived from the fats. Under normal circumstances the fata 
which we eat or have stored in the fat depots of our body are burned 
to carbonic acid and water; carbonic acid (in the form of carbon dioxid) 
is lost through the lungs without cost to the body so far as alkali is 
concerned; water is similarly lost through some excretory channel like 
the skin, lung, kidney or bowel. In order, however, to have the fat 
bum to these ultimate products, a simultaneous burning of carbohydrate 
is required. The older physiologists used to express this fact by say- 
ins that ^*fat hums only in the fire of carbohydrate.” When, for 
any reason whatsoever, the carbohydrate fire is not kept burning in 
the body some or all of the fat ceases to be burned to carbonic acid 
and water - it is only partially burned, resulting in the so-called acetone 
<iiacetic and beta-oxybutyric acids) The o 

acetone comifounds in the urine means, j'-f 
amount of hrhokydraie is being burned 

proportionately high amount of fat ts being fed the 7“® 

taZ ZTot importance not only in diabetes, where they h^e bn* 
Wn used for diagnostic and for therapeutic P^tposes. but they are 
of eveTieater i^ortance in innumerable other medical ""'I 
conditions where the difference between the *7'^* 1"" rihe difference 

institution of proper ® difference lietween 

between discomfort and comfort, and, at the best, me o 

death and life itself. Tn we have the pic* 

Ootmteraction of Acetone available carboby- 

ture of an organism which, m the mdst 0 p y ,,, 

drat,^ j|,i»nable to use t to acid and water, 

ma^&ible a proper ^ have once allowed him an 

In case of the diabetic, therefore, . . f jiis capabilities for 

aiuq&t of carbohydrate which wi tjf acetone compounds 

using such, we can cut down or stop he P^;';“;,,ason that in recent 
only aawec^m^«c^c thp diet (as particularly well empha- 

ycars the elimination of fat from ^ ^ and most important rules m 
sized by Allen) has become one of the tirst 

the treatment of diabetes. , „ „ rule after this first elimination 

The author, in his practice, make ^ but only to the point 

of fat from the di^t, to cut down the 7 y^ succeeding 

where the patient MU just ^ ^ combination of 

paragraphs on sugar in «r.nc.) earbohydrate metabolic, 

intal^ with full Obviously yield the lowest po«ible 

as the patient may have left, wii 
amounts of the acetone bodies. 
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ISimt the presence of acetone, ])etar<ncybutyric, or diacetic acids 
discoverable in an enormous numbei^ of conditions in which proper 
administration of carbohydrate will suffice to do away with the con- 
dition entirely. Or, to turn the matter about, a large number of patients, 
through inadequate carbohydrate feeding alone, are made ill, or bad 
medical or surgical risks, or, to put it flatly, are? actually killed by 
beixm given an insufficient amount of carbohydrate daily. 

It is just as disastrous for the human body to be deprived of an 
adequate intake of carbohydrate by any of a large number of circum- 
stances, as not to be able to use this carbohydrate properly after being 
taken in, as is the case in diabetes. The insane, for example, who 
starve themselves, the individuals with esophageal obstructions who 
can swallow nothing, the patients who with gastric or duodenal ulcers 
are not allowed anything, the eclamptics, comatose or nauseated in- 
dividuals who cannot or will not take proper amounts of food, indi- 
viduals who, like the surgical patients, are being ‘‘prepared^’ for opera- 
tion by being kept upon a wholly inadequate ** light*' diet in our ordi- 
nary hospitals — all these show the presence of acetone compounds in 
their urines. Such acetone compounds also appear when, in conse- 
quence of acute or chronic infections, the carbohydrates are not fed 
in adequate amounts or, if so fed, are not properly used in the body. 
Undoubtedly, in the past, our typhoids, our chronic pus cases and 
our patients with the severer types of tuberculosis as often succumbed 
from carbohydrate starvation as from the diseases themselves. 

These points are emphasized because the presence of acetone com- 
pounds in the urine calls for an active administration of carbohydrate. 
In the case of the diabetic, of course, the point to which such car- 
bohydrate administration may be pushed has definite limits set upon 
it; but in the case of the other conditions enumerated above we need 
have no such fears. It is too often forgotten how much carbohydrate 
must be consumed daily by thp average individual in order to keep 
the balance. Generally speaking, 500 grams (a pound) are needed. 
This figure should be kept in mind because it brings home l^ow per- 
fectly inadequate are our ordinary schemes when active mouth feeding 
cannot be used daily, The body, moreover, runs sboA of ©arbohydrate 
very rapidly. Two or three days are already bad. The patient who 
is being starved, either because insane, because the victim of some gastro- 
intestinal lesion, or because he is persistently nauseated or vomiting, 
or for. any other reason whatsoever, begins at the end of this time to 
become the victim of an acid intoxication, and unless something is done 
he becomes, in proportion to the intensity of this intoxication, a bad 
medical or surgical risk. The common notion that a few teaspoonfuls 
of glucose. by rectum, a glass dr two of milk, or a little gruel two or three 
times daily is all that the sick man needs, is something to be condemned 
thoroughly. Tdo often a , persistent nausea and vomiting is the result 
of an acid intoxication, and maybe of the carbohydrate starvation type* 
or two adequate carbohydrate administrations may *^eiire" such, 
but it is idle to think that a pint or two of a 2 per cent, glucose solution 
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bjrretetiiiM tdll doit. One may begin with such childish measures but un 

less som« scheme is devised which will get several hundred grams of ear" 
bohydrate into sueh a patient, the therapy cannot bo ^‘onsidered adequate’ 
When, because of nausea and vomiting, the mouth route is md available’ 
it is well to give glucose (dextrose) intravenously in sterile solution 
For this purpose 50 or 100 grams (12^ or ounees) may be given, 
in the form of a 25- to 30-per cent, solution, by slow intravenous in* 
jection. It is better to repeat such injection several times than give too 
large single doses. But as soon as the patient can be roused sufficiently 
to cooperate, a proper intake of carbohydrate by mouth presents the 
only adequate route. The patient should be offered materials rich in 
sugar, or other carbohydrates which he likes. Ice cream and fruit ices 
in large amounts do well ; or orangeade sweetened with much milk sugar; 
or milk fortified with milk sugar; or good quantities of the different 
gruels. Iced tea or coffee carrying much milk sugar also do well. 
By the rectal or intravenous route, only that sugar is best used, of 
course, into which the body converts all the carbohydrates, namely, 
dextrose (glucose). 

Tests for the Acetone Bodies. — ^With the above facts in mind, we 
may turn to the question of how best to discover any one of the three 
substances mentioned. Adequate for the purposes of the general prac- 
titioner, and! easily performed, is Gerhardt's ferric chlorid test for 
diacetic acid. . 

To several e.c. of urine in a clean test tube there are added slowly 
several drops of a 10 per cent, solution of ferric chlorid. (If this is 
not available, the ordinary U. S. P. tincture of the chlorid of iron may 
be used.) The presence of diacetic acid betrays itself in the develop- 
ment of a burgundy red color. 

In highly concentrated urine a whitish precipitate of phosphates 
may obscure the test. Under such circumstances it is well to take a 
fresh test tube and a new sample of the urine and dilute it strongly 
(with one or two volumes of water) before again adding the ferric 
chlorid. ^ . 

The salicylate^, give a positive ferric chlorid test. Inquiry 
in consequeBce to be made of the patient as to whether he has previous y 
taken sodium salicylate, oil of wintergreen, or such salicylic acid deriva- 
tives as salol, saliphen, aspirin, etc. Unless this is done a patien may 
be judged carbohydrate-starved when he is perfectly normal m tins 

regard. 

BEDUCING SXTBSTANOES IN THE UEIHB 


{Siiga’’) 

Te«t.— While the reduction of an alkaline 

has majQy defects when used for the ‘l”?'**^**''*' that it will 

matii® of sugar in the urine, it is so sin ple to execute 

probably continue in clinical use inaennjte y. 
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Of the available ec^tj^r reduction tests, Fehling’s is ertill the be^t 
Skid safsstjfer ^uaMtive work. Foir this two solutions are required, 
which jhhild always be kept in welt-stoppered dark bottles, and 
^separate soldtiejis until the the actual performance of a tesl 

The two solutions, which, if hiay also be used for the quanti- 

tative estimation of sugars in 1:he urine, have the fofiowiug composition* 


Solution t 


Copper sulphate 34.639 grams 

Distilled water, enough to make 500 c.c. 

Solution II 

BoOhelle Silts ! 173 grams 

Potassium hydroxid 125 grams 

Distilled water, enough to make 500 c.c. 


1?9hen a test for sugar is to be performed, equal volumes pf the two 
solutioi:^ are mixed in a test tube. The mixture should rise only to 
tho%cight of an inch in the test tube. If the test is only for qualitative 
purposes it is well to see that an extra drop or two of the white alkaline 
solution k added, for urine, especially in diseased states, is often highly 
acid and it must be remembered that in testing for sugar m alkaline 
medium is always necessary. After the two solutions have been mixed, 
they shodld he heated to boiling in a test tube. This serves to show 
that the test solution itself is of good quality. If the pure test solution 
shows any change whatsoever from a brilliant blue, the stock reagents 
should be regarded with suspicion. If the mixture has remained a bright 
blue^ five drops (not more) of the suspected urine are added to the 
test mixture and this is rehented. The presence of such a reducing 
sugay as dextrose manifests itself by yielding a red discoloration fol- 
lowed by the deposition of a red precipitate. For reasons which cannot 
bOj dkeussed in detail here * a yellowish precipitate may be obtained 
instead of a red one. At other times only a green or yellowish dis- 
oi^oration may result. It is generally said that these greenish or yel- 
lowish turbidities are of no significance. This is dangerous counsel, for 
while such may be the^fease, these greenish or yellowish discolorations 
may be as important as the most positive red precipitations. In such 
questionable cases it is well 1:o do the test over again and in either of 
the following ways: If dh ifiikaiedlate answer is needed, try the effects 
of adding ten or fifteen drops of the urine, or better, dilute the urine 
strongly with water and also dilute the copper test solution with an 
equal voluite of water. If sugar is present, a definite red or yellow 
precipitate is almost sure to be obtained. If the result is still un 
to Bibliography, Hugh MacLean; Martin H. Pischer and Marian 0 

MooTSen 
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gqnal volumes of .the cold Pehlmg's solntioo with thi* 
cold reducinp hcwlie^ 

are present a red precipitate will fall out. 

Two things happen which interfere with the accuracy of the Fchling 
test! There may, first of all, be sub^anoes present in the urine which, 
aven though sugar is present, will not allow the red or yellow precipitate 
to form properly. Creatin, creatinin, and various hydrophilic colloid^s 
like the albumins, will thus inferfere with the anticipated produaion 
of a yellow or red precipitate. But under these circumstances a sut 
ficiently heavy dilution of the urine with water, or the carrying out 
of the test in the cold as described above, will usually suffice. Second, 
it remembered that the Pehling test is a general test 

ducinir '^bi^ances. If any such are present, a positive rediictmii whnm 
may falsely lead to the belief that sugar is present may be obtamed. 

When formaldehyd is used to preserve urine, or when a FormaUlehyd 
derivative like hexamethylenamin is being given a patient (which lea«^ 
to the eMretion of formaldehyd in the urine), a positive reduction 
is regularly to he expected, without this meaning, of course, that the 

fact to rememher is that the excretion of 

T.5i 3 4tlob. tel... .™r. .r, «... Ijy 

rTr.n4rji? 

uti« «.&». «.a « 1. 

wej^md. It is to be expected, m “t^er words i^iem^ 

are right for the absorption of i„ the urine. 

blood with which it is carried to t ,,pon such individnala, 

acid, certain alkgloids, contain a carbohydrate rniehms 

and various albumins (which hydrate). None of these 

or a fraction which can he conver e plean-eut and as positive a 

substances, however, is likely ^ as descrihed above, as will snwr 
reduction, when the test is .j^ased. A reduction is 

or the reducing substances f ^ „rinc have been used, aftCT 

obtained only after toger qu« o Yrsually not in such perfect 

prolonged boiling of the test solution a 

form as in the case of Sugar in the Urine. *» 

IgarfiMitm of a»e Production Jts possible errors, Iw leO 

that a qualitative analysis, J the urine, what is its signi can 

to the inclusion that sugar is present in 
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the patie?itt lb uttaerstattd th|« properly the geseM phy|^iolog^ 
of carbohydrate chefinietry in the body nnwt be nnde^ood. 

The j^sence of dextrose in the urine (glyeoauria) is so great! \ 
the pred^inating sign of a diabetes mellitus that a brief study’ of tlu^ 
mechanism by which this is brought about may well be regarded as a 
prerequisite to an intelligent understanding of the* disease itself. Wc 
must, thejefore, first inquire as to what are the circumstances under 
which we may find dextrose in the urine. So far as human beings 
are coneemed, ^nd most animals, there can be no doubt that sugar 
is always present in traces in the urine of even entirely normal indi- 
viduals. But this amount of sugar is too small to be recognized save 
by expert chemical means and has from the standpoint of the physiology 
ftf glycosuria more a theoretical than a practical interest. 

By ''the term ‘^glycospria^* we ordinarily mean only the increase 
in amount *of dextrose in the urine above this trifling normal. What 
are the causes that lead to such a glycosuria? While, as we shall 
see, these may be many and various, they can all be grouped under 
two classes, nam#y, such as are said to lead to an ‘increased permeabil- 
ity*’^ of the kidney cells to dextrose, and second, such as increase the 
concentration of this sugar in the circulating blood. The circulating 
blood always contains some dextrose, but its percentage, while subject 
to corfeiderable variations, at no time normally exceeds (about) 0.2 per 
cent. When the concentration of sugar in the blood exceeds this value, 
the kidney cells are unab}e to hold it back, and some of it goes over 
into the urine. The same’^nd is accomplished when, instead of raising 
the percentage of sug&r in the blood, the permeability of the kidney 
cells is increased so that sugar may go over into the urine even when 
present in less than 0.2 per cent, in the blood. 

Let us now consider these two types in somewhat greater detail. 

(1) The Glycosurias Not Associated with an Increase in the Concen- 
tration of Sugar m the B^ood^—Under this beading fall the renal dia- 
betes, of which, so far as I know, only three experimental forms exist. 
The first of these is phlorizin glycosuria. If this substance is intro- 
duced intravenously, subfutaneously, or per os into any animal, there 
foHiws an excretion of dextrose in the nrine within a few hours after 
its administration and this continues from one to several days, ceasing 
only when all of the poison has been eliminated or when all the sugar 
has disappeared from the body of the animal. During the entire time 
of the glycosuria no increase in the concentration of sugar in the blood 
is noted. This type of glycosuria is of clinical importance only in 
connection with some of, the older kidney function tests when phlorizin 
would be administered to human beings. 

Such an increase in the permeability of the kidneys to sugar is* 
observed a)so after the intravenous injection of pure sodium Morid 
and various other salt solutions into animals or man. Since such a 
tempoi^sry glycosuria may be observed clinically it must be kept in 
mind. A third experimental form is said to accompany the increased 
urinary flow following the administration of caffein^ tkedbromin an*! 



beducing substances in the urine 


449 


diuretm* It may be observed elinieaUy, but being transient in type, 

IS of little sign^cance if only its true nature is iveognized. 

Glycosurias, linassociated with an increase in tl\e concentration of 
the blood-sugar above the normal maximum, have been described in man 
and they have on this ground been diagnosed as renal diabetes, but 
up to the present thne there seems to be little evidence to sustain the 
belief that the described clinical cases are not such as have merely com- 
plicated rather than followed upon any recognizable kidney lesions. 

(2) The Glycosurias Associated tvith an Increase in ike Concentration 
of Sugar in the Blood. — ^Under this heading fall the majority of the 
experimental glycosurias, and all the clinical forms, excepting those 
following phlorizin administration. It is well to begin consideration 
of this group by referring to the glycosuria which follows the ingestion 
of excessive amounts of carbohydrate. Generally speaking, every ani- 
mal can be made to excrete sugar in the urine if only sufficient car- 
bohydrate is consumed in a sufficiently short period of time. Under 
such circumstances there is rapid absorption of sugar with rapid in- 
crease in the concentration of the blood going to the liver. If the 
increase exceeds the capacity of the liver for 
into glycogen, and thus storing it, the sugar passes on into the 
circulation -where, if its . concentration exceeds 0.2 per cent., its ' 

tion into thriurine bepns. Furthermore when fed ”L. 

the usual roid of absorption for sugar through the 
mented by a direct absorption more especiaUy from the lower p 
Ttfe sSalt fZtine Jo the lymph, and through th-- 
tato the general circulation from which the kidneys are then reached 

more directly. . * ^ in hrimrimr about 

It is clear that a number of factors “J"'; 1” men- 

such an “alimentary glycosuria,” among kin.l of ear- 

tioned the rate of feeding, the " regioir of absorption, the 

bohydrate fed, the rate condition of the liver and 

amount of sugar already m the » iriycogcn and their 

muscles s» far as their st J«f the kidnV It will, 

^ore of glycogen are ® ,® 1,;™ limit’’ tor I’arlK.hydrates 

tlierefore not seem strange that the trt h the same individual 

is different, not only in through pathological 

under different circumstances. ^ (.alhnl the normal toleration 

states of the most varied kinds. or increased, 

limit of an individual can he ,t„„^i„l„S,i,.al” glycosuria, we 

With these remarks co"®*’’’?'"'’ “ ' n'amelv, that which follows 

may pass to a more patholopca W ' <,1 , 1 ,. after such inju^ 

puLL of the floor of the ^Xld he^ins to rise, and nsnallv w.thn. 
the per cent, of dextrose m t c excretion of sugar may 

an hour sugar appears in the «■;>" the liver is f"’-' P®- 

tinue for several days, at the "f X'\f,ia type of glycosnr.a nmy 
tically) free from glycogen ^ central nervous system, as af 
be seen clinically after injury to the 

VOL. 1.-89. 
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accidents to the head or the pathological consequences of tumors, 
syphilis, etc. , 

Instead of injuring the medulla directly, It is |)OssiWe to affect 
this indiifectly and so 'bring about a glycosuria. Two roads are open 
for this, namely, the nervous and the circulatory systems, Stimulation 
of the central -end of practically any of the affereift nerVes is followed 
by glycosuria. As the more striking examples we Heed only mention 
the sciatic, the vagus and the trifacial. It has been thought that some 
of the transient glycosurias following painful injuriea of the peripheral 
nerves in human beings belong in this class. , « 

A number of substances ’which may be injected into the blood are 
capable of affecting the medulla and bringing about a glycosuria. The 
chlorid, iodid, hromid and nitrate of sodium, lithium, potassium or stron- 
tium at suitable concentration, are all effective in this regard. Into 
this same group with the salts may be put the acids (lactic, phosphoric, 
sulphuric, hydrochloric, etc.) which have been found capable of inducing 
a glycosuria. 

The glycosuria which follows lack of oxygen, or any condition which 
in its ultimate analysis leads to a lack of oxygen, such as poisoning by 
carbon monoxid, curare, strychnin or tetanus toxin, must be considered 
under this heading, for we know that as a result of lack of oxygen, 
various acids and other poisonous substanoas are produced in the tissues 
which we have no reason to consider act differently from the, salts or 
acids that are introduced indirectly from without. 

Various anesthetics ar# also capable Of producing a glycosuria. 
Chloroform and ether constitute common examples, and morphin and 
chloral with their many derivatives act similarly. Clinical illustrations 
of glycosuria following the administration of these substances are not 
uncommon. 

The pancreatic form of glycosuria constitutes another eMimple of 
the class which is associated with an increase in the concentration of 
sugar in the blood. If the pahcreas is entirely removed from an ani- 
mal, an excretion of sugar in the urine begins within a few hours. The 
glycosuria brought about by this means is the most intense of the ex- 
perimental types and is associated with all the sign^ and symptoms which 
are characteristic of the severest diabetes in huinan beings. The ex- 
cretion of sugar is not due to a lack of the pancreatic enzymes in the 
intestinal lumen, for simple ligation of the pancreatic duets is not 
followed by glycosuria. Nor does glycosuria result if the entire gland 
is extirpated, but a piece is transplanted under the skin. If this piece 
is removed, sugar promptly appears in the urine. The facts are ex- 
plained by saying that the pancreas gives off an infernal secretion to 
the blood, the presence of which is necessary for a propelir carbohydrate 
metabolism, but the nature of this relation of an unknown constituent 
of the pancreas to carbohydrate metabolism is not yet tinderstood. 

With pancreatic glycosuria we have to consider the glycosuria which 
follows the intravenous infection of adrenalin. This ipibstauce seems to 
owe its effect to an action upon the pancreas. When' applied locally to 
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tbi, ^ a glywsuria re^ts With adrenalin niav be classed . lomr 
aenMrf ^er demi^ (such as the cyanids) whi^h have^h?nlta 
comaum with a^alm excepting a reducing action. * 

yehn^well ^abhshed) form of glycosuria is the hepatie. 

hvt^b7.r substances into the portal 

^ & fallowed lay tte appearance of sugar in the urine. The hepatic 

&rm <rf glycw^h been held to find a parallel in the glycosurias 
foTind liisociated at times with liver cirrhof?es. ^ ^ 


Tfye foregoiner^ara^aphs have considered only those measures which 
have |ieen ex|ierimentally to produce glycosuria and for which 

^clinicaj analogies have been discovered with fair certainty. It must be 
clear to every one, however, that these in no sense eonsiitnte. nil the 
poi^iblo disturbances which may be imagined capable of so interfering 
with the consumption, absorption, storage, utilization or elimination of 
Ae various carbohydrates as to lead to a glycosuria. 

Diabetes Mellitus. — Of the various glycosurias which have been dis- 


cussed the physician takes special interest in the persistent types, for 
it is the '^persistency of a glycosuria which leads in ordinary practice 
to the diagnosis of diabetes mellitus. While it is obvious that such a 


diabetes mellitus may clinically be due to disease of very different 
organs (as of the pancreas, of the brain, or of the liver), it is generally 
accepted th^t most are of the pancreatic type. Sometimes Ihc severer 
grades^! diabetes are alone attributed to disease of the pancreas and 
the milder ones ,^to disease elsewhere in the body. The first half of 
this conclusion is undoubtedly correct in essence, but the second half 
need not be. There are undoubtedly mild cases of pancreatic diabetes. 
Neither is it correct to assume that a transient (say, one lasting some 
days or a few weeks) glycosuria cannot have been pancreatic, in type. 
We are still largely ignorant of what nature of pathological change in 
the paji^eas l^^s to a destruction of its function of internal seere- 
tion; but obviously such a change must have a beginning, and, also, 
it need not necessarily be irreversible. Only in the latter instance 
does a disappearance of the glycosuria after once being established be- 


come impossible.* 

Since an analysif of the urine is constantly used to cheer 
courage the diabetic^under our care, it is well to know just which 

•It is the author »s opinion that an intoxication of the 
soluble poison of some sort or one derived from a the int**ri>al 

of the pancreaf by a pus Thi« id/a firnt Hu^jgested 

secreUon of thiS organ as to lead to a , , , . doe# not 

to the writer by E. T. Woodyatt, but by A. 8. 

SyphiUtic changes in the P"”"'’ ® f Jvrcisuria dovtlap ...ddeuly In 

WartMn. The anth^ has seen most svi-hilitic inV 

pabHe^tt with a«l^ tonsillitis, acute ^avc seemed 1o the author 

tiong, the alleged variations in tolerance in d . . ^ recrudeHcmce# in 

to be more logically explainable on the basis « ^ diabetics 

old onl» «»n on aSiy other. Practically, tlm author has tmmit 

Who w hot i^oady in the “»«««; i surgical cbv»i->l? IP 

ahot^ dfOided Increase in tolwance if ” hemorrhoids, prostates, toe-nails, gall- 
poiMtt df iafnctlntt (in teeth, Iv treated for syphilis, 

etc.) t(Pr altow themselves to be properly trtai 
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features of it are important^ lAd 

pipimary principles regardi^H carbol\y3}atejpipdNj7f^^ ^Jiwied 
in mind. ^ ' 

Judging the OlycorUHc /ndwtdttal.--Al|ogatl!|j^ ^ mn^plteiition 
is paid to the problem of the percentage of sugar % gi^ *piftieiit 
eliminates. It mpst be ^desjr anjr onl^ th!at/ adrfa;^* sugar 
excretion is concerned, a patient wh® excretes two iitCjPS of u|&e con- 
taining 1 per cent, o^ reducing sulbitance is xjtojf worse pff tfiail d|iDther 
excreting four liters cojWaining one-half per cent Pfiom a quantitative 
point of view, sugar estimations should, in othe* words, consider not 
only the concentration of the sugar, but %e total aUiount M urine 
put out in each twenty-four hours. The percentage concentration 
should always be multiplied by the amount of mine voided in the twenty- 
four-hour period. ^ 

But even when correctly estimated^ this figure, too, is of little 
or no importance. The really important thing for the diabqtic is not 
the percentage or amount of carbohydrate which he loses every day, but 
the amount which he can use before losing any, ^ It is this which is the 
measure of his tolerance^ and to discover what this is we must know the 
quantitative and qualitative nature of his food intake. 

Unless there are indications to the contrary, a good index to toler- 
ance may he obtained by any physician by simply placing his patient 
at bed-rest and upon a carbohydrate-free diet* For practical purposes 
this amounts to starvation for three days, tte patient being alloWed 
only such materials as coffee, consomme, some green salad, skim milk 
cheese, etc., as the ingenuity of the physician may dictate. In patients 
who are the victims of only a mild or a moderately severe degree of 
diabetes, sueb restriction in diet will not only reduce markedly the 
presence of sugar in the ^irine but in the milder easeb' will make it 
disappear Entirely, Often twenty-four hours of such restriction suffice 
to clear the urine. If the sdgar has not disappeared completely by 
the end of the third day the experiment may be continued one more 
twenty-four-hour period, but it has been the writer *s experience that 
there is little use in pressing the starvation beyond this point. * 

If the patient is of the fortunate group which clears completely, 
we may discover how much carbohydrate he is able to utilize in each 
twenty-four hours by adding to the established ground diet increasingly 
greater and measured amounts df sogie^arbohydrate (lik| white bread) 

^Some care is necessary in doing this, as the furrier discussion will show 
Before beginning with a carbohydrate-iree diet, it is well to keep the patient •on 
his accustomed diet and test the urine for acetone eompoundjs.. If they are ab^t, 
the carbohydrate-free diet inay be started at once^ If preheat, begin by cuttmg 
all fati from the dietary. If the acetone compounds disappear after a few days, 
the carbohydrate-free diet may be begun. If they do pot disappear the patient 
is probably fat or in the class of the severer diabetics, and if carbohydrate free 
diet is then tried Ihe possibilities for swing the development of ®ast be 

kept in mind and measures taken to forestall P 9 se|^ bad effaets (through alkalmi 
cation, the administra^on of magnesium iblnhat^ qA of ca[lciu%8alH preparo^ioo 
for mtraveno^i dextrose sAjectionsu etc.) 
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m the time. We may then use rhi#? figure 
ti^rance at the time and to guide us in pre- 
■diet. In the hope of resting or “sparing’’ 
> W with carbohydrate metabolism and which 
of the diabetic the patient is ordinarily ad- 

. t. ^ -^1 -Li.. sugar-free, and at longer 

01 ^ aho^ rnt^mls i:his carbohydrate ration is cut down still more in 
or#$r*^ppthe¥ to .rest hia diseased pancreas or other organ. While such 
tr^iltaies^ may scientific justification in the ease of newly developed 
and 4K(|S|e gly<J08urias; cohsiderable evidence may be. brought forward 
tb showAat such drastic revision may not only not heiiefit, hut actually 
doei^lliarm in the established, more chronic diabetic. In these the writer 
has lon^ give^ carbohydrate just to ths point whptc a little suyar oppeofs 
in the urine < ^On the whole, the author’s opinion is that it is safer to 
err on the side of giving a little more than enough carbohydrate, than to 
too little. 

^P^bese iuggistions regarding carbohydrate feeding are so unorthodox 
that they require justification. Briefly, the reasons therefore may be 
presented as follows.; Tn the established chronic diabetic all evidence 
seemd to indicate that the tolerance of the individual to carbohydrate 


until ^fi#pears 

to»i,|i%a&.ithe^ t( 

scrlblbiff him ^r dp^ 
Iwte tc 

are.^^h^ti^e M me'^^case < 
visea ;td oif h d^et ' 


can not be (Ranged through mere decreases in the carbohydrate ration 
itself. While after a prolonged fast a patient may show an increased 
tolerance, this increase is, the author believes, more often imagined than 
ISpien through prcAonged fasting the carbohydrate depots of the 
b0<^ have been exhausted, a little time is required after carbohydrate 
feeding is recommenced to replenish these depots, and during this time 
the patient ahows an apparent increase in his carbohydrate tolerance. 


It is an easy matter to become unduly impressed by the percentage* 
or total amoun^ of sugar which a diabetic may throw off in the urine. 
If is well to understand what such a sugar loss means to the diabetic. 
Exceptfhg^jn the severest types of diabetes, it is not this loss of sugar 
which kills the patient. While |t does, of course, represent a food lo» 
which must be subtracted from liis total food intake, it docs not become 
a killingir element unless the “tolerance” (which represents how much 
cai^bohydrate is used before any is thrown out) is so low as to compel 
the pi^tienf to live on his own tissues. The presence of an overplus of 
sugai^ii^ the tissues dehydrates these and gives the patient 
satisfy this he, dripks aiore than vsnai amount of wator “* 

nriflBry.e 3 teretira of water goes up. Too great freedom in oar ' ' 

foaling will, therefore, increase the thipt and the frequen y . 

tiol^^kt a diabetic,, but these are not killing things. It u le « 
cf'mpr tHt can U used ly the organism ZgTcZ 

the that is of in^portanee, for, ^ %Tiat kills the 
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that the patient is starved. ^Wliat Mils the di^heti^^ven in severer 

dUises is not his starvation, but ihe intoMcatidn diacetic 

acid and heia-oxyhutyric acid formed in consequence of an inadequatp 
and improper oxidation of the fats due tO|^d;he fact that an iMdequatc 
amount of carbobjdrate is being bume^ qa a toi« large^ ration of fat 
is being fed. ' ♦ * ? * ' 

It is for this reason* that tbe dietatymgimen of diabetic calls 
also for a decided^ revision downwaiids of th4 fat intake atid for a more 
or less active administration of alkalis. The fat restriction makes not 
only for a reduction in the production of the acetone bodies, but the 
consistent and persistent feeding of all^lis tends to neutralize the 
acidic acetone bodies as formed and tbus^to reduce their effects upon 
the organism. But such neutralizat^qn in its turn impcpves the powers 
of the organism to use carbohydrate which is ajways Educed when 
the acid-content of living cells is increased. In this way another factor 
enters ^he field to aid further the carbohydrate tolfcyanqe. 

All these things may be accomplished with relative ease in the 
milder diabetics, the difficulties growing with every increase In the 
lower tolerance for carbohydrate of the individual until in ^the sevejrest 
forms (the absolute diabetic) the difficulties are practically insuperable. 
The absolute diabetic, for instance, uses none of the cafbohydrate fed 
him and converts 60 per cent, of his protein into sugar and throws 
this off.* He lives, in consequence, upon only 40 ^er cent, of his protein 
and upon such fat as he may be able to upe. But even this fat ceases 
to burn properly, yielding in large measmziQ the acetone compounds. So 
far as these may be acid in type (like beta-oxybutyric and diacetic acids) 
they can still be neutralized by giving alkali, but acetone cannot be 
gotten rid of in this fashion. Since acetone is a typical anesthetic, 
the diabetic tends literally to become anesthetized to death. Failure, of 
course, to heed any of the other principles which have been laid down 
only hastens this end. The dial^tic tends from the first to di«^^4f partial 
starvation, to which are then added the effects of an acid intoxication 
4f insufficient alkali is fed, while in the severer cases the direct anes- 
thesia due to acetone and like compounds is superimposed. 

Guided by the facts brought out above and on the basis of personal 
experience, the rides for the treatment of a diabetic ma^ ’^erefore be 
summarized as follows: ' ^ rt 

1. Feed carbohydrate at least to the point where a little sugar is 
constantly present in the urine. 

2. Reduce the fat ration completely at first to get rid,^£l^|K>ssible, 

of all acetone compounds. When fat feeding is resumed, do not allow 
this fraction of the diet to exceed an amount which can b^ burned to 
carbon dioxid and water in the presence of the amount of oi|ppboh^dratp 
for which the patient still ^ a tolermice. ^ 

3. Give enough alka|j, preferably in tjie form of a mMure of 

• See Graham Lusk: Science of NutritW' a^^on, W.^B. Gauadew Com 
paay, Philadelphia, 1917, p. 207. ^ 
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to keep the nrine eonstantlv neutral to litmua. 
alkaline to methyl reel. ‘itmua, 

s««l> therapy may be found in the 
unM 1 * the form of a lowered water output, a lowered sugar content a 
dimint^OB m the a^tone compounds excreted and iu a persistently 
nent^l rya^tion of fte urm^ But this is not all that must ^,TZ 
physiman. 5^e^ patient (after losing, perhaps, his excessive fat de- 
pomts) mn« mai^^ his weight, he must show an improvement in hia 
sensation of lassitnoe, and his thirst and polyuria must be under belter 
control There is such a thing as a satisfactory urinalysis and a life 
not worth living. There are times when, if neeessarj'. it may be better 
to die a little sooner and comfortably than to exist longer, miserably. 


"PBOTEmS IN THE UEIHE 


(Albuminuria) 


Qlialitfttiire Tests for Protein. — In makinj? the qualitative tests for 
prgtein it is necessary to have the urine as clear as possible and of a 
sl%htly acid reaction. If the urine is not clear it should lx* filtered 
carefully thr|»igh a sheet of moistened filter paper. Traces of albumin 
may be misspd in urine which is even slij?htly turbid. If the urine 
is not distinctly acid to litmus paper, a drop or two of 6 per cent, acetic 
acid should be a^ded to a small, portion (like 10 c.c.) of the urine. Care 
should be taken not to add tqjO much acid. The ordinary albtimin re- 
actions also require for their proper development the presence of neutral 
salts. It is ordinarily taken for granted that these are contained in 
sufficient amount in the sample to be tested, but this is dangerous at 
times, especially in urines of low specific gravity or of high acidity. 
If there, is any doubt in the matter two or three drops of a saturated 
sodium florid solution should be added to the sample to be tested. 


* The centinuous production of fixed acids in the body, with its coaseqwnt 
continued call upon the reserve of fixed alkalies, exhausts not only the soamm 
and potassium salts, but also the more important calcium, magnesium, and Irw 
salts. It is easy enough to replace the sodium salt by feeding j 

this does not mie up for the loss of other salts. An excellent sout« of 
founij in the vegetables, but when these have been boiled several ti es t 

them^pf solnble carbohydrates, they have also been mmOi dep t intoxicatioas 
ifbr this reason ttat the writer has long used in all the acid toxica ons, 

inelttdbig diabetes, the foU(^ng mixture: 


tsSpdium bicarbonate grams (3^ 


(or ^ 
call 
but ; 

prodhibei too mnen catnanijc --.r-r - 

fe^^^ht hecei^ry other shits may be added like pc 
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The best qualitative test for^proteiu in the urine is Eeller*& cold 
nitric acid test, which should be performed as follows: Pour the clear 
or filtered specimen of urine into a elean test tube to the height of 
an inch. Make sure that the urine is acid by testing with litmus 
paper. If necessary, add one or two drops of 5 per cent, acetic acid. 
Take up 5 c.c. of concentrated nitric acid into a Wumetric or other 
pipette and, holding the test tube with its content of urine in an almost 
horizontal positiorf, allow the"^ nitric acid to flow down the side of the 
test tube as slowly as possible, to form a sharply defined layer below the 
urine. The manipulation must be made without getting the two liquids 
mixed with each other. 

The development of a white ring varying in intensity from a bare 
cloudiness to a curd-like disc at the point of contact of nitric acid with 
urine indicates the presence of protein. Mere changes in color are 
not significant. Turbidities at some distance above the line of contact 
between acid and urine are not to be considered as indicative of al- 
buminuria. They are usually mucin rings or precipitated urates 

Care is necessary in applying the nitric acid test to urine which is 
too highly concentrated. Under such circumstances the addition of 
nitric acid leads to the formation of urea nitrate which may form a 
ring at the point of contact of acid and urine, but the fact that the 
ring no longer: appears if the test is repeated with diluted urine, and 
the distinctly crystalline character of the ring, serve to distinguish it 
from a protein reaction. If the patient is taking any of the aromatic 
oils, like santal oil, balsam of copaiba, or balsam of tolu, what lofiks 
like an albumin reaction may be obtained. Such a ring is, of course, 
hf no significance and its true import is at once clear if the patient 
is asked regarding any drugs he may be taking. 

A second popular test for protein in the urine is the heat test Th,p 
possibilities for error are, however, greater with this test than with the 
cold nitric acid test. In applying the heat test the following rules 
must be strictly adhered to : The urine must be absolutely clear and have 
enough acetic acid added to it to give a distinctly acid reaction with 
litmus. If there is 4^bt as to the amount of salt in the urine two or 
three drops of concqnji^ated sodium-chlorid solution should be added. 
A clean test tube is filled to within an inch of the top with this urine, 
and the upper half of the fluid column is heated to the boiling point. 
Care should be taken not to have the urine boil over and soil the 
outside of the test tube. The appearance of a turbidity in the boiled 
section of the urine is indicative of the presence of protein. To make 
sure of the matter, however, and to digtiiiguish it from a precipitate 
of phosphates, two or three drops of concentrated nitric acid should be 
propped upon the turbid column of urine. If the turbidity clears, it 
is not due to .albumin, but if the turbidity remains or increase^ in 
intensity, it is safe to consider the reaction as positive for protei% . 

Q^xititative Sstimatipns of Protein. — ^Quanldtative estimations of 
the amount of protein in the urine are not of much significance to the 
general practitioner. It is enough, ordinarily, to say that the protein 
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is present in small, medium or large amounts. If, however, it is de- 
sired to malt© more accurate determinations, the Esbach t<st as modifu d 
by Tsuehiya is the best to use. In the original Esbaeli inetho<l a spe- 
cially graduated test tube is first filled with urine to a irlveii mark, 
and upon this is then poured, to another given mark, Esbaeh 's solut um, 
the formula of whidh is as follows: 


Picric acid 10 grams 

Citric acid 20 grams 

Distilled water, enough to make 1.000 c.c. 


The test tube is inverted several times to assure perfect mixing of 
reagent and urine, and the whole is then set aside in a vertical position 
for twenty-four hours. The amount of albumin is read off directly in 
cram's per liter of urine from the scale at the side of the test tidM‘. 

In Tsuchiya*s modification of the Eshach method the procedure is 
the same, only instead of Esbaeh’s reagent the following is used: 


Phosphotungstic acid 

Concentrated hydrochloric acid h c.c. 

Al(|ohol, enough to make 100 c.c. 


With TsuJiya’s reagent the precipitate forms more 

higher specific awu^Tcy of thrquantitative results 

aje thrown down both ’^y ,, , pwede tliosB by measuring 

^ntitative albnmm tests, it is exceed 1.010, for the 

the speciflo gravity of the urine ^ the less easily does Ihe protein 

higher the consequence, leads to the assumpKon 

precipita*e settle down, which, ,j,j method becomes 

fhat more protein is present ban, srcejyth««;^^^ 

fallacious also if the amount of protein ^i^^„e,a„,.es it is well 

six or seven grams per t run a second test, and multiply 

to dilute the urine a known amou t, 

the result thus obtained by the ^ „f protein in the nnne is 

Origin of Urinary ‘“>"n somewhere in the 

to he taken as an indication of a det the destructive lesion 

genito-urinary tract. The ^ purpo.ses of diagnosis, prognosis 

needs then to he determined. {|o,r these destrueWe lesums 

Col^^loShite iiinu'r”ia mayTio en- 

«^^uL^e SIL'Jenlt'urrnaiy met ^ between lesionsj 
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cystitis, uretiiritiB). ]^ither A^alitative nor quantitative protein 
analyses help imch Jw tegar% Fure kidney lesions may yield sev 
eral grams of albumin Id the litfr of urine, and pure lesions lower down 
may yield only tracer On the other »hand, all the alleged tests for 

specific'’ albumins coming from kidney, bladder or elsewhere are, even 
in experts’ hands, full of fallacies. 

Microscopic search for casts (see below) is the best one method of 
determining whether the kidney is involved. When casts are found 
it is safe to assume that there is a definite lesion in the kidney. This 
method of differential diagnosis fails only if the patient is voiding a 
definitely alkaline urine. Whether sqch alkalinity be due to the ad- 
ministration of alkalies or to ammoinacal decomposition, the result 
is the same — casts, even though present, are likely to be ** dissolved " 
Persistent absence of casts from all urines excepting those which are 
alkaline may be taken as sound evidence for the existence of no lesion 
in the kidney. The albumin under these circumstances comes from 
somewhere below the kidney parenchyma. From just where must be 
determined by other accessory methods of examination such as pal- 
pation of the kidneys or bladder, digital examination of the prostate 
and seminal vesicles, inspection of the urethra, a;-ray examination of 
the kidney pelves and ureters, cystoscopic examination of the bladder, 
ureteral catheterization, etc. 

' Barring the possibility previously noted of bacteria synthesizing 
prptein from urea and other nitrogenous compounds formed in the urine 
r— a possibility largely negligible if only freshly voided samples are Ex- 
amined — the presence of protein in the urine is always to be i!fegarded 
as due to a “solution” phenomenon somewhere in the genitb-urinary 
tract. In consequence of the action of any noxious agent (like a poison 
cr a group of bacteria), living cells anywhere in the genito-urinary 
tract may begin to swell, to show fatty degeneration and, if the noxious 
agent acts severely and long en^gh, to necrose. As these changes occur, 
protein in increasing amount begins to “dissolve” in the urine which 
bathes the lesion. A first source of albumin in urine is, therefore, to 
be found in the direct solution of all or a part of the cells found some- 
where in the genitpfurinaiy tract over which the urine washes. Obvi- 
ously also, other things being equal, the amount of protein which will 
appear in the urine will be an index to the amount of genito-urinary 
protoplasm w||^ is suffering destruction. 

A. second sdtirce of albumin is found in connection with the hemor- 
rhages incident to genito-urinary lesions. Not only may a destructive 
lesion directly erode the walls of smaller or larger blood-vessels and 
so give rise to direct hemorrhage, but red blood-corpuscles may also 
migrate (by diapedesis) through the softened blood-vessel walls and 
genito-urinary tissues and so get into the urine. Acid or alkaline urine, 
or urine low in salts will then make these corpuscles lose their hemoglobin 
or dissolve entirely. Either process leads to the development of a posi- 
tive protein reaction in the urine. Needless to add, the grosser hemor- 
rhages allow not ozily the red Mood-corpuscles to escape through the 
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blood-vessels and into the urine,' but the plasma of the blood as well. 
This furnishes 'an additional source of albumin. 

The third source of albumin is found in the solutioti of white blood- 
corpuscles in the urine. The white bl<j<jd-c(»rpuscles are to the front 
whenever the destructive lesion in the prenito-urinary system is of the 
ordinary acute inflammatory ’type. The presence of many white cells 
and of much albumin derived from such is, therefore, always strongly 
suggestive of infection as responsible for the observed kidney or other 
genito-urinary lesion (infectious nephritis, pyelitis, cystitis, urethritis 
as due, for example, to streptococci, staphylococci or gonococci). 

The Albuminuria of ** Nephritis.** — Having determineii that protein 
present in the urine, and having decided by other methods of investi- 
gation that the lesion lies in a kidney, somewhere below the kidney, or 
in both these places, we need next to determine its significance from a 
prognostic point of view for the patient. As every one knows, there 
exist marked albuminurias which somehow or other fail to injure a 
patient while on the other hand there may appear only traces of al- 
bumin,’ and these perhaps only at times, which all too often are associ- 
ated with the death of" the victim. 

There is generally not much difficulty m coming to a ‘ 

cision in lesions below the kidney. A pyelitis, cystitis or 
usually rated as severe or as mild, gets worse or better m P^portiM 
to thl urinary findings. We shall, in consequence, not pursue th s qu^ 
iSr But ^ such simple relation seems to exist m the case 
oniuJfSney liions where it is seen that complete suppressio^f 
Sfftifh^Teat quantities of albnmin in ™eh as 

voided just before the suppression g > ^ natients with mere 

«uremic” symptoms whatsoever, while in other patients 

traces of albumin, de^th in coma o ows. 

Actually, such difiiculties « are Lde fmm 

only because wrong interpretations and ^ con- ^ 

the urinary findings. It is analysis, but which map 

elusions may be drawn from p P second headii« than 

‘not he drawn. More ® elear in mind some introductory 

“• ■" 

"“XU I. xs ‘J "‘•“■r" 

covering that loeialion with casts, by 

ance of albumin in th® by quantitative variations 

variations in the 8®°'“ „„hstances secreted, etc. . 

in the amounts of dissolved substan X 

In order not to confuse things, ' 

nephritides which »J“7Stid-pois<>ning. i"*"* „ I 

other types of nephritis (as. 
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associated with a cardiac hypertrophy a»d high blood<*pressiir6) we shall 
see later. 

All the changes that characterize nephritis are colloid^chemical m 
nature and are produced through changes in the colloids making up 
the kidney. As of first importance in bringing about these colloid- 
chemical changes, there is to be counted an abnomal production or 
accumulation in the kidney of acids and of certain other substances 
which in their action upon colloids behave like acids. In the latter 
group are found pyridin, urea and various amins, the latter having 
much in common with the toxins of the infectious diseases, some of 
which are also amins. 

The correctness of these conclusions has been verified in many direc- 
tions by showing; (1) that there is evidence in every case of nephritis 
of an abnormal production and accumulation of acids and similarly act- 
ing substances in the cells of the kidney ; (2) that any method by which 
such an abnormal production and accumulation of these substances 
may be brought about in the kidney results in the signs and sjrmptoms 
characteristic of nephritis; and (3) that with these ideas in mind much 
can be done clinically in * ‘nephritis’’ to relieve* the clinical signs and 
symptoms characteristic of this “disease.” 

The item under the first of these three headings which is of great 
importance in urinalysis is that the acidity of the urine (see above) 
generally runs high in nephritis. Under the second heading, namely, 
that any scheme which results in an abnormal production and accumu- 
lation of acid (and similarly acting substances) in the cells of the kidney 
is followed by the signs and symptoms of nephritis, we again discover 
a series of facts of great clinical importance, for what we call the 
“causes” of nephritis are only such things as lead to an abnormal pro- 
duction and accumulation of acid (and of like substances) in the kidney. 
Since, in the matter of treatment, the physician finds it necessary to 
be cognizant of and to remove as many of such features as he can, it 
behooves him to get them clearly in mind. 

The quickest way in which to increase the acid content of the kidney 
is to inject acid intravenously. When this is done, we find that the 
animal thus experimented upon begins to show a decrease in urinary 
output, which may go to the point of complete suppression, while such 
urine as is secreted is not only highly acid, but charged with albumin, 
blood, and casts. At the same time, the animal begins to retain the 
water that is being injected along with the acid, and so develops a 
generalized edema. In other words, the animal shows all the signs 
and symptoms of a so-called “parenchymatous nephritis.” 

It will at once be interposed that this may be important from an 
experimental point of view, but that it has nothing to do with the 
practical problems of everyday medicine. But it has. We produce, 
even normally, enormous quantities of acids in our bodies in the course 
of our ordinaw metabolism. The amount and rate of production of 
this acid cani however, be greatly increased at will, l^enever our 
muscles contract, they do so by reason of a production of acids (chiefly 
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acids follows rapidly; so they never 


the oxidaiien of lliese 


aecumulate to any extent in the 


muscles* But in athletic endeavors of various sort< 
basket-teU matches, etc.) the rate at whi^r- • 


''ii tile acid is producetl is 
and cireulation become aeeel 
erated m an eifor£ to supp y the organism with sufficient oxvgen to 
oxidize the increased amount of acd thus produced. But if th; u-ork 
is carried to the point of dyspnea, it means that, in spite of the in 
cre^d cariac and respiratory activity, the orjranism is no lonRcr suc- 
ceeding in the attempt. The lactic acid, therefore, besrins to spill over 
from the muscles into the general circulation, and by this is carried 
to the kidney. Under these circumstances albumin and casts appear in 
the urine. It might be thought that such bard atbletie games occasion, 
ally yield a little albumin ; the fact, however, is that they yield not 
a little, but a great deal. After hard athletic endeavors, athletes mav 
show several grams of albumin in the liter of urine, and such iiuantities 
of casts as are seen ordinarily only in examining the urines of the 
acutest “nephritics.’^ 

The real reason wlity" the athlete shows albumin and casts is because 
his respiratory and cardiac activity are inadequate, during the times 
of great acid production in the body, to furnish sufficient oxygen to 
oxidize the! acid so formed. But, as slated before, we need a good 
circulation and respiration even to oxidize those qiianlities of acids 
which are produced when the organism is in a state of comparative 
reSt. This explains why, in the quiescent individual wlien the (?ir- 
culation becomes embarrassed (as in heart disease) or when the respira- 
tion becomes interfered with (as from a pleurisy with effusion) the acid 
accumulation in the body mounts,* and as this acid accumulation makes 
itself felt in the kidney, albumin (and casts) appear in the urine. 

But even if we do not interfere with the heart’s activity or the 
respiratory activity, but interfere with the oxygen-carrying power of 
the blood, as through anemia or carbon -in on ox id poisoning, we Hhall 
then also get this disproportion between the rate of acid production 
in the body and its proper oxidation, which again results in an abnormal 
accumulation of acid in the kidney, and, therefore, in the albuminuria 
and casts so common in these conditions. A lowering of body tempera- 
ture, as incident to exposure to great cold, also brings about tins rcsul . 

It should be observed that all these conditions leading to nephritis 
lie, in the main, entirelj/ outside the kidney. The writer emphasizes this 
because all such extrarenal factors must be discovered and removed as far 
as possible whenever we try to discover the import of, or f ’ 

an albuminuria, or try to relieve it. But any eause w iic kidnev 

directly or indirectly with the normal oxidation c ^ 

cells themselves will lead to the appearanc^ of a ^ hlood-vesfwds 

this reason tumors pressing upon the afferent o^fl^rent 
of the kidney, or an arteriosclerosis ^r^ui 

the kidney, a thrombosis, an embolism, or similar disturbances, 
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in the appearance of albumin (and easts) in the urine. Or, without 
interfering with the circulation of blood into or through the kidney 
directly, we may make it impossible for this organ to use the oxygen 
which is brought to it. We shall, then, again have an abnormal produc- 
tion and accumulation of acid in the kidney. Thus it comes about that 
a kidney is poisoned and albuminuria results whehever this organ is 
bathed in the toxins of an infectious disease, is poisoned with chloroform, 
ether, or alcohol, with arsenic, uranium, chromium, or lead, or with 
such substances as phosphorus or the nitrites. 

The acids (and similarly acting substances) which in their action 
upon the kidney lead to the various signs characteristic of this patho- 
logical condition do this about as follows: 

The kidney is composed of a series of colloids. Those which in- 
terest us most and make up the bulk of the kidney are the protein 
colloids. 

When any protein colloid (such as fibrin) is placed in a neutral 
solution (water), it swells somewhat. This is analogous to the normal 
state of the kidney. If a little acid is added to the water containing 
the fibrin, it swells much more. This is analogous to the enlargement 
of the kidney in nephritis (edema of the kidney). But, at the same 
time that the fibrin swells in this way, it also tends to go into solution. 
This is analogous to the going into solution of the kidney substance 
in nephritis — ^in other words, to the albuminuria. 

Under the infiuence of the acid, the kidney also falls apart into its 
morphological constituents. The epithelial cells stick together and 
loosen in mass as the cement substances that bind the kidney struc- 
tures together * ^ dissolve. ’ ^ This marks the origin of the epithelial cast. 
By more prolonged action of the acid or with a rise in its concentra- 
tion, the epithelial casts are converted into granular casts, and, later 
still, into hyaline casts. 

What has been said covergj, the essential elements of that which 
constitutes the picture of what is commonly called “ acute or “gen- 
eralized'' parenchymatous nephritis. But there exist also chronic types 
of nephritis, and some of these show high blood-pressure, cardiac hyper- 
trophy, etc. What is the relation between the varying urinary findings 
discoverable in all such instances and the state of the kidneys? What 
is the significance of much or little albumin, and what does it mean for 
prognosis? To understand matters aright, a classification of the neph- 
ritides must be attempted, and later the relation between kidney disease 
and its alleged consequences be taken up. ' 

There is really only one type of nephritis — parenchymatous nephritis. 
There is, however, a difference in the amount of kidney substance that 
may be involved. It is well to distingbish^ between generalized and focal 
nephritis. It is in the generalized type that we observe the greatest 
decrease in urinary output, the most highly concentrated and most highly 
acid urine, the greatest amount of albumin, and the largest number of 
casts. Conversely, such findings in the urine mean great and general 
involvement of the kidney. When only smaller parts of the kidney are 
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involved^ all these signs are proportionately less. The first type of 
nephtRia is fonncl in cases of general intoxication, as in scarlet fever 
or in carbon-monoxid poisoning, after an anestii»‘tie. or in tlie more 
chronic types of poisoning, as with phosphorus, mercury or lead. If 
larged or smaller pieces of a kidney thus affected die and the defect is 
replaced by connective tissue, the kidney substance is reduced in amount 
and "vre find on autopsy the so-called ^^secondarilu nmfrm fai — 

one type, in other words, of the so-called “chronic interstitial nephritis.’* 

But it must be remembered that as long as one-fourth of the total kidney 
substance which a normal animal or human being has, is left intact, the 
animal (or patient) may be unaware of the fact that he has kidney 
disease, for even less than this amount is adequate for all ordinary de- 
mands.’ Neither does such an animal (or patient) show ary increased 
blood-pressure, cardiac hypertrophy, uremia, or any other of the atlcgcd 
consequences of kidney disease. He may live and die without bemg 
aware of his kidney condition, and we have at the present no way of 
Sagnoaing such a state before death. Calling to mind what was 
Sen above, it may be said that « patient’s water output s an mdex 
to the amount of his kidney sOU functioning and not dl; hts 
aTSZtpJan index to the amount of kidney which i. involved 

'”“*ifthe oimmoner types of chronic interstitial nephritis w« find 
in assoeiatibn with blood-vessel disease, heart Y/ZlSf-) wo alt 

SSSSStSss 

hut blood-vessel disease; and ® elimination of poison through 
patient are primarily ^ ( tj,e vascular disease 

the partially destroyed kidneys hut to the eff a oi 
itself in the different organs of h“-ly- The 

the high blood-pressure are na ur tl,p changes in the 

quences of the vascular disease. ^ kidney u»»y 

Lod-vessels, one fragment ‘‘ft^voTsste ' betw^ 

stroyed and replaced fore tli’c urinary findings arc those 

kidney is largely normal. Wherefore containing some 

of a normal (or allegedly cr befng an index to the 

casts and albumin, the amount of the Wt^h ,,, ,p„. 

amount of kidney involved nephritis” the normal or 

stages of this so-called to a decreased one, and then the 

“increased” water output gives way toj^ „ore 

content of albumin and nephritic process.* 

kidney tissue is being involved in th - P ,ephritic.” *M1> hW 

•It must be ^ dte 

either hewowhage or edema, 
below). 
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While infections of the kidney are not ordinarily classed with the 
true nephritides, they might as well be. The kidneys here show the 
same changes and die in the same way as when a poison af ects a whole 
or any part of the kidney. An infection involving the whole kidney 
(general intoxication) shows much albumin, many casts and a small 
water output. When the infected spots are small, ak in the early stages 
of renal tuberculosis, these findings are all less intense. And since 
blood-vessel disease does not ordinarily go with the common infections, 
high blood-pressure and cardiac hypertrophy are usually absent in these 
cases of kidney infection. The best index to the probably infectious na- 
ture of a kidney lesion is the finding of leukocytes in the urine. 

Erroneous Deduotions to Be Guarded Against in Urinary Analyses 
in Nephritis. — The most serious mistakes, both in prognosis and treat- 
ment, which the physician is liable to make are dependent upon his at- 
tempt to judge from urinary findings (like the intensity or persistence of 
an albuminuria), whether his patient is going to develop an increased 
blood-pressure, ** uremia/* or some other alleged consequence of kidney 
disease. Urinalysis gives us an index to what is going on in the kidneys 
and nothing more. The possibilities of complications cannot be judged 
from the urine, but must he discovered by other clinical methods. This 
will be clear if it is remembered that none of those things which clini- 
cally are held to be consequences of kidney disease are really anything 
of the sort. These alleged consequences may occur simultaneously with 
kidney disease or entirely independently of such. Patients with com- 
plete loss of kidney function may show no ** uremia** whatsoever, and 
others may die of what clinically is alleged to be a ^‘uremia** without 
any kidney disease whatsoever. A few remarks will serve to show why 
this is so. 

It is generally urged that the generalized edema, the ‘‘uremia,” 
etc., of a patient, is secondary to the kidney disease. This is, in the 
main, incorrect; for double nepjirectomized animals, or human beings 
who have had an only kidney removed, develop either no edema at all or 
only a very slight one, as compared with the edema developed, for in- 
stance, after the injection of some poison like uranium nitrate. Neither 
do they die with signs or symptoms which clinically we call “uremic,” 
even though they live many days. But when we give an animal a “kid- 
ney poison’* of some sort, such as uranium, it develops an edema in 
the course of a few hours, which at the end of about two days may have 
increased to represent 50 per cent, of the original body-weight of the 
animal. This means only one thing — what we call the consequences of 
kidney disease are not consequences^ but are the same thing as the 
kidney disease manifested in the differeftt organs of the body, and all 
due to the same poison whicli origihalljt produced the kidney change. 
The headache, stupor, coma and convulsions** of “uremia** are due, in 
the main, to an edema of the brain, the changes in sight to an edema 
of the optic nerve or retina, the vomiting to an edema of the medulla, 
and the generalized edema to a swelling of the body tissues generally, 
all induced through the same poison circulating through the body and 
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fespOi^Bible for tlie edema of the kiduoy (nephritis). Conversely, the 
l^ppearance of such clinical signs and symptoms sliouhi ho attributed 
to an edema of the involved organs and imt to the oonseimonees -‘f 

h;idney disease. 

What relation does the “uremia” of chronic kidney disease assoeiateo 
with cardiac hypertrophy, higli blood- pressure, ete,. bear to the uremia 
just discussed? Is it due to retained poisons wliieli the kidney l»«s failed 
to exci‘ete? This “uremia,” too, ia also an edema of ihe brain, but it 
is induced this time through the defective blood supply to the brain 
brought about through vascular disease. These “iirenii(T* attacks are 
periodic^ edemas, and are analogous to the periodie glaucomatous at* 
tacks (edema of the eyeball) to which these same patients are liable.® 


MICROSCOPICAL EXAMINATION OP THE TOINE 

Introduction. — ^For microscopical examination of the urine it is again 
advisable to have as fresh a specimen as possible. On standing, due 
to change in temperature, to absorption of gases from the air and more 
narticularly to haeterial decomposition, vanons changes may occur whi* 
mL the mieroseopist lose sight of the only important elements 

which he mky need for proper diagnosis. „„mlu.ni of 

An annwently clear urine may contain considerable numbers ol 
e»st7 or Eytes or of plasmolysed (hemolysed) red b!o«d.corp«.cl«. 
She other hand, intensely turbid, almost viscid urine may not eontam 

• These facte wiU eerve to figh'blood^preMure, the 

interstitial nepliritis” or unA the purpose of our tTcatmeal 

primary diagnosis should the kidneys as something primary, and 

Should he its relief. as things had in themselves, 

the high blood-pressur^ ne in iur power to stop the progreaa 

which they are not. We question of it s on«m 

of the blood-vessel disease itself which natur disease, though that any of 

Everything has been named as a ,, . ^d to have been proved. However 

the iings are really concerned can hardly an estahlishcd vascular 

bad alcohol, gaatro-intestmal ^ they cause it. Whenever a generri 

disease, this is not affected 

intoxication strikes “|/\^Vc^meral poison were . /.VI,, wiuid 

tore".^'’of a wU-reJl, »y af». it 

»oSl£?nvolvea, a “* ‘ 

r;s; fir 

nm^er blood-reSBCls to 8"® " h rtiS, t I’erefore, bo made [« *’Lr?u,* 

SU of vascular disease careful rt’auds syphilis- In cas^ 

infections. Of first importan - detrree of rvrtainty, Jt • oaivic organs 
a ^nse can be shut out with infected ajtra 

infected tonsils, as sources of microbic i parenchymatous 

and old genito-nrinary smaller the removal 

stream with thrombotic j^^rger I’ ,,UiPr^with a scheme 
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a single element of medical importance. It may be simply bigbly eon> 
centrated nrine in which various urates or phosphates have been pre. 
cipitated. 

In the case of the apparently clear urines, the writer makes it a point 
to recall the reaction of the urine and then proceed at once to microscopi- 
cal examination. In the case of the turbid specimen^ it is well to make 
the following tests before this is done. 

If there is much urine and turbid, simply warm (do not heat over 
40° C. (104° F.) or boil] the urine. Urates which have fallen out 
(and the appearance of which is of no diagnostic importance) go back 
into solution. If the urine does not clear, add a little acetic acid. Phos- 
phates which were formerly precipitated, now go into solution. A tur- 
bidity undiminished under these circumstances may be due to the 
presence of pus-cells, showers of kidneys cells, or considerable numbers 
of red blood<^rpu8cles. Verify or eliminate their presence by micro- 
scopical examination of the warmed specimen, .or a fresh specimen of 
urine. 

If the urine is not only turbid, but small in amount, remember that 
any of the ordinarily dissolved substances contained in urine may 
fall out in such concentrated and cooling urine. Verify the fact 1^ 
adding to the urine an equal volume of distilled or ordinary tap water 
and warm (but do not overheat) this mixture. 

Generally speaking, all these soluble turbidities are difficultly soluble 
salts (either phosphates or carbonates if the urine is alkaline, or urates 
and uric acid if the urine is acid) and of little or no clinical signifi- 
cance. If such crystalline turbidities fall out in the urinary passages 
they may give rise to stones, to “sand’’ attacks, or the irritations in- 
cident to ‘‘phosphaturia.^’ But the diagnoses of these conditions cannot 
he made from urinary examinations alone. Any number of entirely 
normal individuals who sweat much or drink little water (have con- 
centrated urines) or who eat n^ch protein (produce much phosphoric 
acid and urates) may show these findings. Precipitated phosphates will 
appear regularly in the alkaline urines of pure vegetarians, in meat 
eaters, either well or ill, who are receiving alkalis in sufficient quan- 
tity by mouth, rectum, or intravenously to void neutral or slightly 
alkaline urine, and in all victims of genito-urinary disease in whom 
ammoniacal decomposition of the urine is responsible for a neutralization 
of the acid urine as this comes from the kidney. In the last-named illus- 
tration other urinary findings besides the existence of a phosphate or 
carbonate precipitate make the diagnosis. 

The Technio for Miorosoopy in Urinalysis. — ^In spite of the usual 
advice to the contrary, the writer thinks it best to examine non-centri- 
fugalized specimens of urine first. Introduce a clean volumetric pipet 
with the top clqised by a finger to the bottom of the (preferably conical) 
^ressel in which the urine has stood while other examinations have been 
made, and by releasing the pressure of the finger a little allow a few drops 
of the thicker urine to ascend the pipet. Again close the opening of 
the pipet and transfer a drop or two of the urine to a clean slide. 
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'ThA gutiior "UStti^ly makes a first examination nsing no cover glass. If a 
glass is used, it should be large enough, or the drop of urine small 
euough so that mucji liquid is not forced out at the edges of the glass. 
Thii makes the lighter elements (like cells and casts) “float off” and 
so they may he missed. 

A proper microscopic urinary examination cannot be made with 
much light. Stop down the lower diaphragm of the ordinary microscope 
to a point where very little light enters. 

It is safe in ordinary practice to eliminate as of no clinical im- 
portance all the crystalline bodies found (phosphates, urates, carbonates, 
uric acid, etc.), as well as the amorphous elements which have this 
chemical composition. The important elements to look for arc : (1 ) caste, 

^2^1 leukocytes, (3) red blood-corpuscles, and (4) isolated cells. To 
this list should he added (5) cylindroids and (6) bacteria of various 
kinds But excepting as certain morphological findings m the com- 
moner infections (gonorrhea, tuberculosis, streptococcus or 
cus infections) may suffice to make a provisional diagnosis, it should 
remembered that the last named field is a rather slippery one and is 
therefore best left to the expert in bacteriological tcchnic. 

^ 1. Casts.— Casts are of importance as an index to dissolutjon 

- tho kiHnev Thev serve to locate disease in this organ. The 
thie? ^v; So Shritis (Uke acids of various kind.) 

W ae S to tLTr snorting tissues are however, more 

stream. Thus are formed like substances) the 

With more prolonged action the t 

cellular structure is lort and ® granular casta 

greater and more prolraged act ^ different caste is not 

become “hyaline.” destruction 

of diagnostic or prognostic importance, mey 
«t the kidney and nothing ®ore. amount of «i«h 

The numbers of casts are, ^owe ■ jtf.ny oasts mean much, 

destruction which is going on m ’ ^ however, be synony- 

and few but little destruotiom ’^‘‘®*®7the latter with mild. This all 

mouB with serious kidney disease “J. production and 

depends upon the causes which bodies) present in the kid* 

aecumulation of acids (and ® res^nsible for the first and 

ney. A hard athletic endeavor may a,e o,^ he 

as little signifleance to the disease involving the kidney 

dealing with Ae begmmngs ° ^ doctor and not a microscop 


2. LBOKOCTTiB.-I^n>''»yte^^^^^ f gLito-urinary 
ia/ecKon. In all the «“*f,,5^®l,„orphonuclear types of leukocytes 
Mdn^ to urethral opening) the poiy 
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predominate. In the more chronic ones (like syphilis and tuberculosis} 
the large and small mononuclears may become prominent. The largest 
numbers of leucocytes occur, of course, where th^ infected areas aro 
extensive, as in bladder infections or large infections of the kidney or 
kidney pelves. Physical examination must give the final answer as to 
exact position or positions. 

Greater difficulties are experienced in determining where smaller 
numbers of leukocytes appearing in the urine may come from. 'In the 
absence of casts the lesions are, naturally, to be placed below the kidney. 

Where, on the other hand, infection of the lower urinary passages 
can he excluded, the association of leukocytes with casts is always to be 
regarded as strongly indicative of infection of the kidney (infectious 
nephritis). If there are no increases in blood-pressure, and especially 
if an occasional slight temperature (99® F.) can be discovered, added 
weight is given to this diagnosis. The matter is of tremendous im- 
portance because many of the ** chronic nephritides’’ and ‘‘chronic 
Bright’s disease” cases without high blood-pressure are of this group, 
and since the infection is commonly metastatic (is, in other words, de- 
rived from some distant point of infection, like a tonsil, tooth or toe- 
nail) much can often be done by proper surgical attention to the readily 
accessible and too often neglected point of original infection. 

The purely toxic types of nephritis (as those following poisoning 
with the metals, or in the wake of the toxins produced in eclampsia, 
etc.) are not apt in the first stages of the disease to yield any or more 
than a few leukocytes. Later (as kidney 49ubstance is destroyed) this 
number may increase as in other types of ‘‘sterile inflammation,” 
but a little careful consideration of the whole patient will do much to 
give proper emphasis to the real meaning of the urinary findings. 

3. Red Blood-Corpuscles. — The finding of red blood-corpuscles in 
the urine means that hemorrhage through rupture of a blood-vessel or 
by diapedesis is occurring some^^here in the genito-urinary tract. Often, 
the presence of casts, leukocytes and physical findings will show where 
the lesion is located as well as its true significance. It should be re- 
membered that bleeding, Unassoeiated with other microscopic findings, 
may occur in benign and malignant tumors of the genito-urinary tract. 

Considerable blood in the urine will usually give color to the urine, 
but when there is only slight bleeding, the finding of red blood-corpuscles 
is necessary to discover the fact. This is easy if the red blood-corpuscles 
retain their biconcave disc-like shape, and retain their yellow color. 
But because the concentration of the urine is rarely that which is just 
necessary to bring about this happy result, the red blood-corpuscles are 
more commonly found either .plasmolyzed (as swollen, pale, non-nucleated 
“shadows” of their former selves), if the salt concentration of the urine 
is low or its acid content high; or shrunken (crenated), if the concen- 
tration of the urine is al^e that bf ordinary blood-plasma. 

4. Isolated Cells. — The practitioner can become familiar with the 
appearance and, therefore, with the point of origin of the isolated cells 
which he may fliid in urine only as he will study first their normal his- 
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^ know them is of service at times in recognirinK the position 
of a genito-urmary lesion. The problem, is however eomn r 
the tact that tha isojated cells from the different portions of the 
pMary traet lose their nuclei and swell and shrink with variations in 
the ^ntration wd acidity of the urine. Contamination with vaginal 
apiftehnm (m well as vapnal mucus or pus) may he avoided in women 
by having them take a douche with physiolor^i(‘al salt solution before 
voiding the sample to be examined and by having: them separate the 
labia, and voiding into two vessels, the first portion being considered 
as contaminated by any materials (like pus) in the urethra, the latter 
as the purer urine from the bladder and upper urinary tra<*t. The 
similar trick of having men void into two or three separate glasses 
works, of course, to the same end. 


5. Cylindboids. — Cylindroids appear, for the most part, as hyaline 
threads* They are of the shape of hyaline casts, except that they may 
be longer and, often, thread-like at one end instead of rounded. When 
amorphous or crystalline particles stick to them these cylindroids may 
look not unlike granular casts. Confusion arises, naturally, from mis- 
taking these cylindroids for casts. They probably are of no significancf* 
so far as being indicative of kidney disease is concerned. They are 
often called!'* mucus” casts. The substance of which they are composed 
is undoubtedly "mucoid” in character, but chemically it does not give 
the orthodox reactions for mucus. They are common in highly con- 
centrated urines such as are found in the heavier intestinal intoxica- 
tions and the acuter infections. They disappear when more water 
comes through the kidney and are significant only, so far as the author 
knows, of what S. P. Kramer has well, if inelegantly, termed a "snotty” 
kidney. 


SUMMARY 


With the reniarks outlined above in mind, we may now make the 
following summary in rather dogmatic terms of what are the indispens- 
able urinalytic tests, and those of greatest interest to the general prac- 
titioner, indicating at the same time how these may be so arranged that 
in ten minutes or less a really safe estimate may be made of their wg- 
nificance for the patient; and how in a few seconds o ^ 

quently an accurate picture may be maintained of how a patient a 
faring in the course of his disease or in consequence of therapeutic 
endeavor, 

1. Leam from the patient’s history, from 
or through direct personal measurement, the qu y . 

put out by the patient iu each twenty-four “St 

above 1,000 C.C (34 ounces) daily, it may I-* 

Mdney function is left to I*® ® thr*dailv liter is to he con- 

maintained. Any amount of unne eoneemed. 

aidered in the patient's favor so far as ms Kiane. 
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Amounts below tbie mmt not, bowowr, ^ imoe im rnmmm evidence 
of defective kidney function. They may be ^ reenlt ^ nothing more 
than excessive sweating, great catharsis or Jack Intake. Give 

the patient, in consequence, a half liter of water an|i n^at this two 
hours later. If the urinary secretion is definitely increased (by 400 to 
500 c.c. [13.5 to 17 ounces] in the first, or certainjly in the second two. 
hour period), the prognosis is, on the whole, favorable. But if no such 
increased diuresis results, careful investigation of the multitude of causes 
lying outside of the kidney, or in the kidney itself, must be made, and 
a proper value set upon each of them. Look for a high constitutional 
acid intoxication of any sort, or, more specifically, for respiratory or 
heart disease, anemia, or an interference with the oxygen-carrying powei 
of the blood, arteriosclerosis, pressure upon the vessels of the kidney, 
intoxications of the kidney itself and direct infections of this organ. 

2. Use the color, odor and turbidity of the urine as quick hints in 
the direction of the presence of abnormal coloring substances, the pres- 
ence of volatile aromatic compounds (like acetone) and the presence 
of abnormal materials like pus or blood. If a, specific gravity test is 
made, use it for what it is worth and nothing more. Even small amounts 
of urine may show a low specific gravity if the patient is inadequately 
fed, and mean nothing regarding kidney function; and on a normal 
diet any person who drinks water freely will void a large amount of 
low specific gravity. Remember that even a diabetic may void large 
amounts of low specific gravity. Turn, therefore, to sugar tests, to 
discover if such is present and get an answer in reliable fashion. 

8. Test the acidity of the urine with two drops of methyl red solu- 
tion, or dip a strip of methyl red paper into it. Consider all urines 
which show an acid reaction to this indicator as on the dangerous side 
of the ledger, and feed such patients alkali until their voidings remain 
persistently alkaline to this indicator. It must be remembered that a 
urine which is acid when secreted by the kidney, may be alkalinized in 
the bladder, through bacterial decomposition of the urea into ammonia 
Use other clinical methods to discover such a fact. It must be remem- 
bered also that in kidney disease which involves only portions of the 
kidney (as in the earlier stages of chronic interstitial nephritis asso- 
ciated with vascular disease, iu the metastatic infections of portions 
only of the kidney, etc.) a urine neutral or even alkaline to methyl red 
may be discovered. There may exist also an abnormal production or 
accumulation of acid in some one organ of the body (as in edema of 
the brain, in “uremia “ or in glaucoma), or in pieces of the kidney only, 
withonlj the general acid intoxication being high enough to yield a urine 
add to methyl red. In such instances general clinical observations must 
lead to a giving of alkali (and of various dehydrating salts like mag- 
nesium sulphate) iiji order to maintain the constitutional alkalinity. 

4 . It is well in all instances, but it is imperative in those in which 
acidity determinations have shown that the* patient is inclined, tempo 
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r«ar j^j!*?"***^* intoxication, to make a ferric chlorid 

test ft*' duaetw Mid. A positive reaction is to be internretcd «« in 
.iicstiw Of l^lfe^^ate starvation. By anoiher test it may 
ered if ^ » d«betk Whether he be a diabetror no lT„d 

the mow la^rtallt group ,8 that of the non-diaMies-^, to it at once 
that carbohydrates m f^ by m^th, by rectum or intravenously Z 
the OTgeney of the mteato may demand. At the same time eliminate 
the fat® from the diet. Keep up this treatment until the ferric chlorid 
reaction disappears. Where the powers for utilizing carbohydrate are 
too heavily depressed by causes which lie beyond our control (as in 
the severer diabetics), the ferric chlorid reaction will, of course, persist, 
but we may have the satisfaction, except in the severest diabetics of 
seeing its intensity diminish. ' 

U. Perform a Fehling’s test on the urine. If the test is negative pro- 
ceed to the analysis for proteins. If positive, make sure that the urine 
has not had formaldehyd added to it, or that the patient has not been 
receiving a formaldehyd derivative (hexamethylenamin,* urotropin) or 
chloral. If the patient is a woman, make sure that the reduction is 
not due to milk-sugar, either because she is pregnant or lactating. 

6. Perfolm a cold nitric acid test on the clear urine. If, with due 
care, a posiitive reaction is obtained, determine by other methods the 
source or sources of the albumin. The intensity of the reaction may be 
ta^en as a rough index to the amount of albumin present in the urine. 
If a more accurate figure is desired, do an Esbach quantitative test with 
Tsuchiya's reagent. 

It must be kept in mind that albumin becomes dissolved m the 
urine not only because of the solution of the genito-urinary organs in 
the urine, but because of the solution of red and white blood corpuscles 
after these have been shed into the urine from the diseased genito- 
urinary apparatus. See how large a part is played by the latter ele- 
ment by. examining the urine microscopically. i • ^ 

If a lesion of the genito-urinary apparatus below the pelvis of the 
kidney can be excluded, use the intensity of the albumin ruction as an 
index to the amount of kidney substance involved {use ^ 

the kidney to put out water as an index to ike ' 

tUmce NOT involved). Check the opinion regarilmg 
involvement by searching for casts and determining whether thj^ are 
prelt in larje or smaU^umhers. Drew no ““btrn" 
from ejcamination of the urine regarding uremia, h gh i* 
generalized edema or other alleged consequences of kidney disease. 

1 Prepaw to examine the "''®''T^Z”or 
BO leW whether you are dealing with cone ^ ^ ^ precipitate. 

eoaeMtrated, coding urines are likely to diluting the urine, 

If sweh a precipitate is preset, check * ® ' precipitates due to 

V twinning it pe7.% and by adding a little aeiu. r 



472 PRACTIOill. UEINALYTIC METHODS 

the unimportant phosphates, carbonates and urates clei»r under these 
circumstances. 

Put a drop of the sediment from the urine under the microseope and 
examine especially for (1) casts^ (2) leukocytes,* (3) blood-cor- 
puscles, (4) isolated cells from the different portions of the genito- 
urinary apparatus, (5) cylindroids, (6) bacteria. ‘ 

If the urine is alkaline, casts may be so completely dissolved as 
to disappear. This fact must be remembered in order that a kidney 
lesion may not be thus overlooked. If the urine is neutral or acid in 
reaction, the finding of casts not only confirms the diagnosis of a kidney 
lesion, but their number may be taken as an index to how much of kidney 
substance is in a state of pathological change. Draw no unwarranted 
conclusions regarding specific types of kidney disease because of varia- 
tions in the type of casts. 

Use the presence of polymorphonuclear or mononuclear leukocytes 
as an index of infection somewhere in the genito-urinary apparatus. 
Determine its position by other methods of examination. If the origin 
of the leukocytes can be traced to the kidney itself, incline to the diag- 
nosis of infectious nephritis, considering not only the possibilities of 
tuberculosis and syphilis, but the far commoner chronic infections due 
to streptococci and staphylococci. Since nearly all these infections are 
blood-borne and metastatic, look for entrance points of infection in ton- 
sils, teeth, antra, etc. 

Red Uood-corpuscles only mean a destructive lesion somewhere 
in the genito-urinary tract with hemorrhage by rhexis or diapedesis. 
If the bleeding is unassociated with casts, leukocytes and similar ma- 
terials, think of the possibilities of a bleeding polyp or a bleeding 
benign or malignant tumor somewhere in the genito-urinary appara- 
tus. 

The finding of isolated cells which are characteristic morphologically 
of the different portions of the^enito-urinary tract may help to locate 
a lesion, but to do this properly the examining physician must be 
familiar with the normal histology of the genito-urinary apparatus 
and with the changes whi^ its different cellular structures may suffer 
on exposure to urines of varying concentration and acidity. 

Cylindroids (mucus casts or pseudocasts) should not be confused 
with true casts. Cylindroids are indicative of what may be termed a 
dirty kidney, but they are not of pathological significance in the ordi- 
nary sense of the word. 

Finally, an attempt may be made to identify by simple staining 
methods some of the commoner infectious organisms which appear in 
urine. The possibilities for grave errors in diagnosis and based either 
upon positive or negative findings must, however, not be forgotten. 
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CHAPTER XI 

fjgigj nbBSiBIlOSPljKAL rLPID AND ITS RKL.VTION TO HEADTU 
AND mSKASE 

By Da\id J. Kaus.ki, JI.D. 


HISTORIOAL SmtVEY 

%i8ioric|J survey, p. 475 — Ph^siologj ot thi <‘iu)>roi>piiml fluul, p, 476 
-"^bysical and chemical ehaiatteimtics ot the cerebrospinal 6uit|, 
j). 486 — Technic of lumbar puiietuie, p. 405-— Teelmie ot eistenml 
puncture) p. 510 — ^Methods oi examination ot the uMelirospiiial ihad, 
p. 511— tierfebrospinal fluid in sjpliihs ot the iienoiis sN^teni, p, 
627-s(*felation of secretion and absoiption of the eercOu ospnml 
4uid to intraspinal tbcrapv, ji. 531 — Lumbar niul eisteinal ptineturo 
as therapeutic procedures, p. 534— The mcmuf^itnks. tleHcnptum and 
differentiation, p. 53G — The ccrebiospiual fluid in neiirolog> and 
psychiatry, p. 641. 

A historical survey of the literature of the cerebrospinal fluid reaches 
into the dim era of the past, hundreds of ye<irs before the birth of (’hnst. 
Herophilus (300 B. C.), a dissector of himicin bodies, kneu of the pres- 
ence of the cerebral Ventricles, where he placed the seat of the soul, 
and^f the choroid plexuses, but knew nothinir of 
did’he describe the presence of fluid in tlie yontncles althouRh i ^ould 
>Beem that the presence of fluid in them eoiild hard y have cscaiied hw M- 
tentior EUistratus (330-250 B.(- ) and Oalen described » 
of the brain and their connection with one another, but madi no men- 
tion of the cerebrospinal fluid. If tliey were cognizant of the 
oKd to the ventriclcb, which is doubtful, the eoniiectum between the 
ccrXospinal and ventricular fluid surely vas 
though hydrocephalus was known to tlie aneients, '''[ g 

brospinal fluid in living siieeial reference 

of centuries the anatomist fluid, 

to the spinal fluid. Varolms t„ p„ur water into the 

He thought the choroid P^^^uses J ^Credit for the dencription 

ventricles, and also referred to (1784), who also described 

of the cerebrospinal fluid is given to fishes Robert 

m presence of the cerebrospinal fluid in turtles an 

tmMix, in 1764, described title “ Ol^servations 

3te ibook on the diseases o* ^e^TorS^^^ 

the Dropsy of the Brain, ^ „p,jst Lines of Physiolo,y,” 

the <*r®^ro«pinal fluid m relationship between thw 

aUhhVgb he probably did not know the torreei „f 

flSid Md that in the y"’ ViJht i was piJ-^ent oriy after death, 
the cerebrospinal fluid in between the fluid m the 

In &ct, not until 1840 ^^aHnTe MXrartn<STspace.poW^ out 
iifflitrielif of the brain and (..^it of the fluid from the 

y te Switarid space He aecurately ^^^^Jbe 
veatrieleB into tte subaracnnoi i 


les into the subarachnoid „f it, function as « 

appe«(anc«) of tte cerebrospina . ^^rd. , 

,|^e2^*otictor,p_r watej^^^^ enriched in a mm 
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m CKEBBEOSPINAL FLUID JN HEALTH AND 

lor exaioinatidn by ptmctare, which was dW through a trephine opening 
in liie skull. The first withdrawal of the spinal fiuid was effected by 
an American physician, L. Coming,* who in 1885 inserted "a needle 
between the spinous processes of the last two dorsal^ vertebras, for the 
purpose of injecting aiii> anesthetizing solution into the spinal dmal. 
W. Essex Wynter,* in 1889, described drainage of the spinal canal in 
the treatment of cases of tuberculous meningitis, intrbducing a cannula 
armed with a trochar into the spinal canid at the level of the second 
lumbar spine, until the fluid rushed through the cannula. A smlill 
nlbber tube was then inserted through the cannula into the canal, afford- 
ing continuous drainage. 

The simplification and perfection of the procedure of lumbar punc- 
ture, not only for therapeutic purposes but also so that the cerebrospinal 
fluid could be safely and easily obtained for clinical study, are due to 
the epoch-making work of Quincke,® whose first publication appeared 
in 1891, following a description of his method of lumbar puncture and 
the publication of the results of two* cases of chronic hydrocephalus 
treated by withdrawal of the spinal fluid. The technic, as outlined by 
Quincke, has not been changed fundamentally to this day, and the ease 
and comparative safety with which fluid can be withdrawn from the 
living human being have enabled Quincke and a host of followers to add 
a wealth of data to our stock of knowledge concerning the relationship 
of the cerebrospinal fluid to health and disease. 

It is the writer’s purpose in the following pages to give a r4sum6 of 
the more important anatomical and physiological facts necessary for an 
understanding of the mechanism of the secretion and absorption of the 
cerebrospinal fluid, to outline the role played by the fluid in the protec- 
tion and nutrition of the central nervous system, to point out the methods 
for obtaining and examining the fluid and to discuss the value of these 
examinations in diagnosis, prognosis and treatment of diseases of the 
central nervous system. 

PHYSIOLOGY OF THE OEEEBROSPINAL FLUID 

Mechanism of Secretion. — ^Like most of the problems concerned 
in a consideration of the cerebrospinal fluid, that of the origin of the 
fluid has not been settled with absolute certainty. Physiologists to- 
day believe that the fluid is secreted from the blood, principally by 
the selective action of the cells of the choroid plexus of the cerebral 
ventricles, and that it is a true secretion rather than a transudation from 
the blood vessels. The cerebrospinal fluid is entirely unlike any of the 
other fluids of the body, with the exception of the aqueous humor of the 
eye with which there is almost complete anatomical and physiological 
correspondence (Wegeforth and Weed®). This is the original view 
of Paivre,^ and has been accepted by such physiologists as Dixon and 
Halliburton,® Frazier and Peet,® Pettit and Girard,*® Mott ** and others. 
The fluid secreted by the choroid plexuses is poured into the cerebral 
ventricles and passes through the foramina of Munro into the third 
ventricle and through the aqueduct of Sylvius into the fourth ventricle, 
escaping into the 'subarachnoid space through the foramen of Magendie 
and the foramina of Luschka. From here the fluid passes over the 
hemispheres, dipping down into the spaces between the sulci and around 
the basilar structures in the cistemse between the pia a^ ai^behnoid 



^^BtSJOLOGY OF THE CEUEBEOSPINAL FLUID 


477 


aad downward into the subarachnoid snacA . . 

In view •£ the similarity di the selecthe action of* th? wrd. 

the dioroid plextis to that of the cells of the laerimf “^*1*®** 
the tears, ‘Mott u has amlyTeZJd thf IZii! 

(ji^ed ha the elaboration of the cerebrospinal fluid tl5. 

A tem that Halliburton** has also adopted Whether^thn'^^””’i'^ fl»nd, 
fluid is a true ^cretion or a dialysate from the blood has r^ntrCn 

and Wolff,*** X have at 
tfept^ to study the question anew by introducing pigment gmnulL 
mto the subaraetooid space and then injecting hypertonic sa tSthm 
mto the circulation. Under such conditions the pigmcL was kmb foLnd 
within the vessels of the choroid plexus. This indicates, as the invM?h 
gators point out, that the direction of flow of cerebrospinal fluid throuah 
the choroid plexus may be reversed by increasing the osmotic pressure 
of the blood. Supposing the choroid plexus to be purely a socn^ting 
gland, the mechanism of such a reversal of flow would be difficult to 
understand. They therefore aver that their observations add to the 
accumulating evidence that the choroid plexus may be regarded as a 
semi-permeable membrane and the cerebrospinal fluid as a true dialysate. 

But there is still a considerable amount of evidence pointing to an- 
other source for the cerebrospinal fluid, and though the choroid jffexus 
no doubt has by far the greatest significance in the secretory mecha- 
nism, a pant at least — if only a very minor part— is played l)y*the peri- 
vascular system of the central nervous system, bringing to the fluid 
the excretory substances of brain metabolism chiefly, and possibly also 
the secretions of the pituitary gland. This view is shared by such in- 
vestigators as Weed,^® Plant, Rhem and Schottmueller and others. 
Hie case of Dandy and Blackfan,^® of acute hydroeephalus with com- 
plete obstruction of the ventricles in which five c.c. of spinal fluid were 
obtained by lumbar puncture and were quickly replaced after withdrawal, 
is more or less confirmatory of this view; and yet if — as Weed'* states 
— the cerebrospinal fluid is partly formed, like the lymph of the body in 
the perivascular spaces, by exudation from the blood vessels, it is diffi- 
cult to understand — as Halliburton argues — ^vdiy readily diffusible 
substances do not enter the cerebrospinal fluid more easily in the normal 
state 

Penneability of Choroid Plexus.— To many substances (chemi- 
cals, bacteria, toxins, antibodies) the choroid plexus acts as a barrier, 
especially under normal conditions. Even protective^ antibodies and 
other immune bodies fare no better under such conditions, and only 
when the choroid plexus is irritated by intraspinal injection of 
or other sera or by lumbar puncture or during the course f 
disease with, presumably, an alteration in the ^ wiompr nnd 

activity of the gland, do these bodies appear in J f^VhS 

Amoss have recently shown that this occurs ; jj^atraliz- 

proved experimentally that in passively , x the 

ing antibodies for the poliomyelitis virus can be m the 

blood into the cerebrospinal fluid by i R.- induced bv in- 
choroid plexus by an aseptic inflammalion a 

traspinal injections of normal horse pointed out 

light on the probable value of 

tbit the choroid plexus in its course of p^^ 

s of puotective or immune bodies, but in tne course i 
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tile eDeaiagee and the choroidal aecrethig implex are fo^ in- 

|imd» thtts becoming readily permeable to the ^^pnotem plaema 
and to the Immune bodies contained in it’’ when tbM l^pear 
in the bloody as immunity becomes established, they permeate the oiiatral 
nervous system through the intermediation of the eerebrospinal aS^siem 
with a neutralization of the virus of the disease. It isftreasonable to sup- 
pose that this mechanism ^serves also to explain the rationale intra- 
spinal medication in othe/ diseases of the central nervous system.^ 

The writer and Strauss/^ also Barbat,^^ have advanced a somewhat 
similar explanation for the presence of arsenic in the spinal fluid of 
syphilitic patients after intravenous injections of salvarsan and after 
combined intravenous and intraspinal injections or after simple with- 
drawal of spinal fluid. 

Kolmer and Sekiguchi^® have shown that after the transfusion of 
syphilitic serum into normal dogs the syphilitic “reagin^^ appeared in 
the spinal fluid in small amounts within three hours and disappeared 
within forty-eight hours. The same applied after transfusion of dog 
typhoid immune serum into dogs. In all probability this is also true 
of the syphilitic ^‘reagin’* in the cerebrospinal fluid in human syphilis, 
although here there is the added factor, in many instances, of a coin- 
cidental pathological involvement of the tissues of the central nervous 
system, with probably an alteration of the secreting mechanism also, 
permitting remedies injected intravenously to reach the cerebrospinal 
fluid. 

Indeed, the doctrine of the complete impermeability of the choroid 
plexus must soon give way under an increasing accumulation of evi- 
dence tending to show that under conditions existing in disease certain 
drugs and immune substances, as well as bacteria and their toxins, pass 
the barrier of the choroid plexus and make their way into the cerebro- 
spinal fluid 

Absorption of the Cerebrospinal Fluid; Factors Influencing Secre- 
tion; Pressure of the Cerebrospinal Fluid. — ^It is essential to consider 
the factors influencing the rate and amount of secretion and absorp- 
tion of the cerebrospinal fluid, view of their importance in many 
of the problems concerned in di^ase of the central nervous system and 
in the surgery of the brain and spinal cord. As will be shown, many 
of the Symptoms arising in patients with tumors of the brain and infec- 
tions of the cerebrospinal system are due in great measure to disturbances 
in these factors of secretion and absorption. For example, the chief 
symptoms in tumor of the brain — ^headache, choked disk and vbmiting — 
are due to the production of a secondary hydrocephalus and can be re- 
lieved by surgical procedures such as lumbar puncture, decompression 
and callo^ puncture, designed to reduce the pressure of the cerebro- 
spinal fluid to normal. Normally the choroid gland is constantly elabo- 
rating the cerebrospinal fluid, and there is reason to believe that the fluid 
secreted is very rapidly absorbed, but here again our knowled^ of the 
mechanism is not absolute. The amount of cerebrospinal fluid in the 
normal human individual varies considerably. The flgxires given by 
various authorities vary from 60 to 150 c.c. 

♦ This kTpofliesis is based on tb© aseumptlon that th© eerebrosphiBl p^ay® 
a part in the enaveying of metabolic ©ubBtanees to th© nemnt tkto. However, it 
ninat bs mmembama mt this view is not nnimsaUy aoeepteA 
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1!h6 ventricles normally contain about 30 c (* of fluid. 

The diffusion process is most rapid in the subeerebellar region aud 
slowest in the lower spinal region. Substaiioe'< injeeted into the Kub* 
arachnoid space talie from twenty minutes to two liours to be generally 
distributed. The direction of circulation of the cerehrospiiial fluid 
seesns to be from the ventricles, where secretion oecuirs. downward. How- 
ever* an active circulation of the cerebrospinal fluid has not been proved 
nor has the circulation of the fluid from the spinal subaraehnoid space 
upward toward the ventricles been demonstrate*!!, though a certain 
amount of diffusion in this direction may occur, influenced by such 
factors as position, pressure, respiratory efforts, emotions, etc The work 
of Kramer is suggestive, regarding an ascending current in the central 
canal of the spinal cord, but has not as yet been confirmed. 

Experimentally certain substances injeeted into the siibnraebnoul 
space, especially in the' cranial portion, are almost immediately absorbeci 
into the venous channels. Normal salt solution is taken up in very large 
quantity and readily diffusible drugs like adrenaline or atropine act at 
least as quickly as if injected directly into the blood. Dandy and 
Blackfan nave shown that neutral phenoKiilphonephlhalein ~ a read- 
ily diffusible dye— when injected intraventricularly, reaela*s the blood 
of .the torcular herophili within a few minutes and the urine m five to 
ten minutes, and the total amount injeeted can be r(M>ov(>red from tlu 
bladder within two hours. If the ventricles are blocked, 
free access of fluid into the subarachnoid space, as in certain types of 
SiroSi as pointed out by Frasier .md Poet.” 
aLorntion of the dyestuff occurs, even after two hours. On J 

handf nondifEusible substances, such ^ 

S’rSlfli i™. b.ld b, 

filtration through mesodermal cell pg„,iy and BlaeU- 

into the venous sinuses m the „nc on the [lart ol the 

fan,“ the mechanism of absorption . opposition to this 

capillaries of the entire ar«clmoid is nonvaseular and 

view is the argument of Weed that the ars<^^^ 

that tile pia is also wholly , a,i absorptive function and 

of mH-l- 

®.eMwbr0.piMl fluid 

anu^ the cranial than the g,,in8l rep, on. the 

m ^xtdwer^Uar region, and slo 
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latter taking an insignificant part in the total amount of absorption. 
Under abnormal conditions the rate and amount of secretion of cerebro- 
spinal fluid may be greatly altered, but so far as we know this departure 
from the normal — ^with but one exception — is always*in the direction of 
an increase. There is probably an accessory pathway for absorption of 
fluid into the lymphatic system, but this plays an insignificant part ex- 
cept from the isolated spinal subarachnoid space. Hill*^ has shown 
that methylene blue injected into the cerebrospinal fluid passes directly 
into the venous sinuses and in 10-20 minutes is secreted in the gastric 
juice and the urine. The lymphatics of the neck are not colored within 
this period of time and even after an hour are only slightly tinged with 
color. There is thus an intimate connection between the cerebrospinal 
fluid and the venous system, rather than with the lymphatic system. 

According to Frazier,-^ in brain tumor and other space-constricting 
conditions in the cranial cavity, like acute hydrocephalus, there is an 
increased rate of secretion and a decreased rate of absorption. Inas- 
much as absorption is chiefly by way of the venous channels, tumors at 
the base causing pressure on the large venous sinuses are more apt to give 
secondary hydrocephalus and the concomitant symptoms of headache, 
vomiting and choked disk, than are cortical tumors. This would also 
apply in basilar meningitis with an exudate. The fluid re-accumulates 
very rapidly after tapping in these conditions, and in an instance cited 
by Frazier,^® 1?)0 c.c. of fluid removed by puncture of the ventricle re- 
accumulated within 20 minutes, suggesting a disturbance of secretion 
possibly through the increased vascularity of the choroid plexus. But 
attempts to deprive the plexus of part of its blood supply by carotid 
ligature, in an effort to reduce the rate and amount of secretion in 
hydrocephalus, have been for the most part unsuccessful. In many cases 
of hydrocephalus there is free communication between the ventricles 
and the subarachnoid space, and in most instances lumbar puncture 
is as successful in freely emptying the ventricles as ventricular or 
callosal puncture, according to Cushing.^® Experimental efforts thus 
far have shown but one drug which tends to reduce the amount of secre- 
tion of cerebrospinal fluid, viz., extract of thyroid gland. Frazier’*^ has 
shown that extracts of thyroid gland have been successful experimen- 
tally in causing a primary but temporary fall of blood pressure, with 
a transitory increase in cerebrospinal fluid production, followed by a 
prolonged period of decrease of outflow through a specific inhibitory 
effect on the choroid gland. Clinically the results have been very en- 
couraging in a small number of cases, though the time has been too 
short to permit a definite opinion concerning the value of the injec- 
tion of this drug in such conditions as hydrocephalus. Experimentally 
the injection of extracts of brain and of choroid gland is known to cause 
an increase in the secretion of spinal fluid, as Halliburton has shown. 
There is probably present in these extracts a hormone which stimulates 
the activity of the cells of the choroid gland, and which is the result of 
brain activity. It can be demonstrated in the cerebrospinal fluid of 
patients who are. the subjects of extensive brain catabolism, as, for ex- 
ample, in general paresis. It resists boiling, does not pass through a 
Berkefeld filter and acts qualitatively like cholesterin, though to a greater 
degree. Other factors which tend to cause an increase are an excess of 
carbon dioxide or a lack of oxygen in the blood, and volatile anesthetics 
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which act by influencing rebpiration or by a dirtct stimulating action (m 
the secreting gland. 

Cappelleti showed that etlmr ami pibn-arpim- iiu-roasod tbo Uow aiul 
atropine diminished it. Dixon and Hallilnirion ” i-oiitirnu'd fact^j. 
Splenic extract, according to Frazier ami Feet."* l aused a marked drop 
in blood pressure ai>d a rise in the How ol' ll\n»l a lemptMary elniraeter, 
which was compensated for by a marked deereaM* in ilit' rate (jr even « 
temporary cessation ol* the How eoineident with tie' gradual return of 
the blood pressure. Liver extract caused a inarlo-d decrease in th<‘ ra 
to p Mnddpn ol arterial blood ln■e^.^un• atVecting the etU’ebral 
sinuses, while brain extract caused marked inen-aM* u\ tb»w independent 
of blood pressure lactors. They eonelmle lhai the sud.b-n inerease in 
the rate of flow following the use of organic extracts is due ti^ sinus dis- 
tention which forces out fluid already present in the ventricle and in 


the cisternae. ... 

The influence ol blood pressure on secretion is important. I be ]n en- 
sure of the cerebrospinal fluid is about the same as that of the venous 
sinuses. According to llowcllr’ any rise in inliaciMnial j.r.'vMir.' raiw-s 
venous pressure by compression of tin- veins and an aeeeleration of llie 
outflow o£ fluid from the suiiaraclmoid space inlo llie venous <• bam • K 
An inerease in venous nrcssure eauses a rise in intraerama I'"'''’ " > 

To comTre««ion following the expansion of <l.e venous - 
turdation of inflow of fluid into the venous ebannels. I Inis i ompr< sMot 
Oflh veins orthe neek causes a rise in ibe pressure 
veins and a coincidental ri- in mtr.eranii. 

cavity,” as aptly pointed out M ^ i- i •rebrospinal fluid 

fixed in volume and f J. . oeei.r, emnpen- 

and blood; variations in any o bes tbiu 

sation Ion- as Ibe intnieranial l-resMire remains 

remaining elements. |,riiin, the eirenlation Ihrongh 

lower than that of the wsscls nwlj n^^^ H i, ioerisises above (be pressure 
the brain is not markedly ’ ^Hiese ve.ssels is slowed and finally 

in the arteries, the ‘■■roulal'"" thioukj* ..ompensated, eoma results 

stopped, cerebral anemia ,„,i,oi, .lioxi.le aeeiimii- 

and finally death. As tho c .,',i„.i„i,iiii1ory eeider is stimnlaled. 

lates in the same time tiu* vasonyitor eenler u» 

slowing the heart beat, ^ ‘ iminfr n geueral vasoconstriction through- 

, 

coincident with a fall in blood . .. ,.,.n.tjral sinuses and u 

is a coincidental increase ,m " all enyulatory 

bro^pinal fluid w I j 'j,. „f Hu- Mis e 'C' ‘‘ij 

sir 
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160-200 
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Schulzen 

52-100 
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Krcinig 

125-150 

tt tt tt 

Parisot 

100-150 

tt tt it 

Boveri 

170-200 

tt ft tt 


It should be borne in mind that, in evaluating pressure figures, 
it is necessary to take into consideration whether the pressure was 
taken in the lying or in the sitting position, the type of instrument 
employed, and whether a water or. mercury manometer was used. 
On account of the great variation of these factors and the lack of 
uniformity in reading the results, the taking of pressure fell into more 
or less disuse by the profession. Even with a satisfactory apparatus 
the pressure can be made to vary considerably in the same individual 
by . the position of the needle in the subarachnoid space, the degree of 
muscular contraction of the patient, the depth of respirations, emotional 
factors and pain. Extraneous factors must be taken into consideration. 
In hospital practice the readings of different individuals have varied in 
the same patient, so that in any given case it is wise, in taking pressure 
readings, to have the observations checked up or, preferably, made by 
the same observer. When the cerebrospinal fluid is under very marked 
tension, this fact can be determined by an observer experienced in 4he 
use of an ordinary Quincke needle, by the force with which the fluid 
issues from the needle. High pressure fluids spurt from the needle in 
a characteristic and unmistakable manner, but experience has shown — 
especially in surgical conditions of the skull — ^that the use of a manometer 
of one type or another is not only more accurate but more safe. 
Frazier uses the mercury manometer devised by Landon and regards 
pressures over 12 mm, of mercury as suspicious, while higher than 20 
mm. is regarded as pathological. With the water manometer, pressures 
up to 200 mm. are not infrequently encountered. Pressures between 
300 and 500 mm. are high and should be looked upon as pathological 
A pressure of between 500 and 700 mm. of water is very high and in- 
frequently encountered, while pressures up to 1,000 mm. are very rare. 
According to Quincke,® the readings in children are about one-third less 
than in adults. According to Ayer, pressures between 200 and 250 mm 
of water are suspiciously high; between 250 and 300 mm., definitely 
pathological. Pressures over 300 mm., according to him, are probably 
always due to intracranial lesions. These figures are determined with 
the patient lying on the side, with the spine horizontal and the head in 
alignment. In the sitting position the figures are about double those 
given for the recumbent position. 

The pressure of the cerebrospinal fluid under normal conditions varies 
but little within certain specified limits. As far as known, there is 
usually an increase of pressure in intracranial disease — rarely a decrease. 
Congenital anomalies, the exact natures of which are as yet unknown, are 
chiefly responsible for internal or external hydrocephalus, depending 
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upon “wlietlier the fluid secreted bj’ the ventricle reaclies the subarachnoid 
space. There is under these circumstances eiilier an increasi'd secretion 
or a diminished absorption of cerebrospinal lluiil. The sympt<»m.s at- 
tendant upon infections of the meninjxt^ with the iionrini: out of an 
exudate (bacterial meningitis) or of meningeal irritatitm >vithout infec- 
tion (aseptic meningitis, meningism, serous im>nin«gitis, marked menin- 
geal or cerebral congestion) are in gnoit iniri due to the increase of 
cerebrospinal fluid (secondary hydrocei»halus). There is also «n ac- 
cumulation of toxic products of brain catabolism and bactm-ial growth 
due to fluid stasis, plus the added symptoms of gcuieral intoxication 
after the disease has become systemic. Pressure may be iiuTcased 
to such an extent by large hemorrhages into the ventricle or the 
subarachnoid space or into the brain or cord snbstan(*e that coma may 
rapidly ensue. Eelease of pressure often causes a rapid ebuiring of 
the symptoms provided there has not been too girat a degree of bram 
destruction and if a vital physiological area has not been involve*!. 

B A Graham^® has reported a case of polyuria with marlu'd increase 
nf intraspinal pressure of unknown origin, ra])idly cured by diminu- 
tion of pressure by lumbar pnnetim-. Tlic fri'ipicney nf imlyunu m 
lesions of the base caused Cushin!!” to advance 1 ic view t ait 
dffturbance was at tho bottom of the eomlilioii. Lewis mu Mallbews 
enneludcd from experiments that the polyuria was probably dependent 
iiTioTi bvnersecretion of a diuretic substance elaborated by the posteMor 
?I?ofThjStaV which is seereled by tbc pars inlermod.a, Tb.- 

tions of t' parJsis. esi.eeially tale in the 

give rise to marked symptoms. In ^ hv an in('r**ase in fluid, 

Slease, the atrophy of the hram Ibe bis- 

and it seems likely that m i„. u.ido-d lor: so. too. in 

tological structure of the cliorou P ' ^ .i,,nilllv. Tumors of Ibe 

chronic thickening of the f ■' pn.s^ 'I'bis is .lue md 

brain are usually *. 1 ‘ ranial eavitv liy Du- minor growth 

so much to the encroachment !>* does not eneroaeb 

—which may become a factor iH ^ j.,,(.„ndarv hydroeepltidos i>ro- 
upon or erode cerebral tissue «•, * anioiint and rapidity of ahsorp- 
duced. As Frazier emphasizes the amy^^ subarachnoid space avad- 
tion is in proportion to the y*.® V is oreat iniraeramal pny 

able.” In tumors of the ..erehrospinal fluiih •'.'''‘"t' ‘-'2; 

sure. This implies a larger qnan ity of ^ This cmt.ses the 

pression of the jslimiis of the lentoruim. pr<yml ^ 

midhrain to be filled by blocking th® i«mmu ^ ^ j, „,,h 

the passage of fluid from he P— yt.,,f,.re especially wdh^y^ 




and McKibben in 1911 shm 


We;r:nd McKihb^ in 

cerebrospinal fluid been confirmed by immermis cUniuan 

solutions. This work has since d 
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Haden administered concentrated (40 per cent.) glucose in meningitis, 
with beneficial results, and Cushing and Foley demonstrated that the 
use of hypertonic solutions intravenously diminished pressure and brain 
volume. Weed and McKibben also used hypotonic solutions to increase 
brain volume and increase spinal fluid pressure, and it was shown by 
Cushing that hypotonic solution into the gastrointestinal tract had a 
similar effect. Sachs and Belcher lessened increased intracranial pres- 
sure caused by a brain tumor by the intravenous injection of 100 c.c. 
of a 35 per cent, solution of sodium chloride. 

It has been found possible in many instances to cause decrease in 
intracranial pressure by the use of hypertonic solutions — sodium chloride, 
magnesium sulfate, glucose — per rectum, without many of the by-effects 
of intravenous injections. Fay pointed out the value of hypertonic 
magnesium solution by mouth in reducing intracranial pressure. 
Ilowe^^® experimented with various hypertonic solutions in cats and 
concluded that sodium bromide, calcium lactate, calcium chloride and 
magnesium sulfate were too toxic for use. Sodium citrate, sodium 
tartrate and sodium bicarbonate were ineffective. Sodium sulfate, so- 
dium chloride, concentrated Ringer-Locke solution and concentrated 
tyrode solution and, glucose produced satisfactory results. Sodium sul- 
fate was shown by Weed and McKibben to have caused death after being 
satisfactory at first, and is unsafe. Sodium chloride produced the great- 
est decrease in intracranial pressure, but is toxic unless administered 
slowly. It is later mobilized in the tissues and produces a secondary 
wave of edema, as shown by Fay, and Howe concludes it is unfit for 
general clinical use, which objection he states applies to Ringer-Locke 
and tyrode solutions though they are less toxic. Ilowe concludes that 
glucose is the only substance of the group which is nontoxic and pfo- 
duces satisfactory depression of pressure. 

Morrisey concludes that magnesium sulfate in 45 gram doses does 
not reduce pressure in two hours when given into the intestinal tract, 
but that the brain pressure undergoes the same dehydrating effect as 
the other tissues after its use, with a depression of general blood pressure, 
while sodium chloride intravenously effectively reduces pressure. Mag- 
nesium sulfate for the relief of intracranial pressure due to trauma was 
first advocated by Dowman, in 1922. Morrisey failed to obtain good 
results in clinical cases by ihe use of magnesium sulfate as advocated 
by Dowman and Fay. I’orty-five grams of the crystals were given by 
mouth, repeated every four hours, if necessary. If impossible to give 
by mouth, it was administered in doses of 90 grams in 178 c.c. of water, 
by rectum, every four hours. 

Functions of the Cerebrospinal Fluid. — The physiological data cited 
concerning the secretion and absorption of the cerebrospinal fluid are 
perhaps more or less certain, although some believe the main problems in 
this mechanism are still unsolved. In attempting to describe the func- 
tion of the fluid we tread upon very uncertain ground. Even with the 
knowledge so far ascertained’ by numerous physiologists as our guide, 
our opinion can be said to be more or less speculative rather than scien- 
tific. 

The brain and cord are enclosed within the rigid, unyielding confines 
of the skull and vertebrae and are of a soft, yielding texture capable of 
great compression, though at the peril of the physiological activity of 
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these vitd organs Indeed, it is safe to prediet that „,eans of 

adequately protecting the nervous tissue ,.r the hraiu and eord fro.,. Il,,- 
innumerable mechanieal insults and e,,„.,„oii„„s „„.„lei,i il„. i.iv „r 
the individual, the delicate functiem (.r thr.s.^ jtaris could not for \uui: 

be carried out. Surrounded ou all sides l.y ivbr.»si>inol tluid und.-r 

a fairly constant pressure and susjientlcd hy i),r mnuliruiirs ntu\ uinv 
prolongations from the bony envelo]H‘. the bruin and cord arc protected 
in their unyielding surroundings as if by a Avatcr-b.‘il ; further, ilic ilnid 
filling up every nook and corner of the cranial ca\i1y intcriiolalcs itself 
into every tiny space between the convolutions of tla* eorlex ami betwctui 
the various lobes, in fact, filling all the free area unoecuined by nervous 
tissue and vessels, serving also in a measure to adjust the iin chanisiu 
of the circulation of the nerve cells. 

It would seem that there can be little doubt of this mechanical func- 
tion of the cerebrospinal fluid. "Wlien the processes (»!’ seen'! ion and ab- 
sorption are nicely balanced, the nervous tissue and hlood vessels ad- 
jacent thereto are subject to a uniform support at a e(‘rlain ])ressnre 
varying within physiological limits. Onee thes(‘ fnnernms are disturbed, 
whether by an increase of secretion or a diminution of absimption, the 
anatomical relations of the parts are disturbed ami Ibeir idiysiologieal 
activities altered. Under special abnormal conditions we have tbe snl>- 
jective and objective disturbances of iuereased iutraeranial tu’essiirc and 
the attendant phenomena of headache, vomiting, ehoki'd disk. etc. 

Protection Against Infection. — Has the spinal fluid any ])roteeltve 
value in guarding against infection of lbi‘ central nervous system t 
Under normal conditions, as already pointed out. the choroid plexus 
a,sts as a very cfficifint Farrier to tliv eatrano,. at most loxio siil.slann's 
into the fluid. Ordinarily, rven iii diwasc, the (■l.oroiil glaml riiv'rmh 
the entrance of haclcrial or other organisms an.l floor tox.ns 
spinal fluid. In certain septic states a isyitiw .rV'’' 

obtained, indicating a general infeet.on iv. 1, a ^ 

ever, under certain conditions of disease the ^’’ r’ 

gland may be disturbed. Org.m.sms or tos.ns 
the central nervous system may in this way '' , , sav. 

usually occurs as a result of th.s mvas.on we 
Indeed, It is as likely that infe-dion of 

extension from near-by foci of infeetion or ij t .iir,,.,,!,,..! fl.ii.l. 
implantation without primaiy ,v'lti a sl.'rile 

For example, wo know that abscess of t le > • . | j cli.irnid 

fluid. According to Kafka,- the <f fennenls 
plexus in preventing infection and erf.it.. i„f,,’,.|ion of the eiT.'l.m- 
Chieh act in this capacity. Another 1 ^ i„ tl... 

spinal fluid would be the oceiirrenee <> y ’."'th infection of 

central nervous tissue contitnmns to ' ,,|,r,.i,ros|iiTial fluid, 

the membranes and direct inteel ion t leie ^ ^ ^ ov.'rwhebning 

The integrity of the choroid cells may be ^ 

infection with damage to the ..‘.j.cbro.si)inal ^v^teln, or this 
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of this gland may be so changed that it becomes permeable to a greater 
or less degree, not only to the toxins and virus of disease, but also to 
whatever neutralizing or immunizing substances they may be giving 
rise to. 

The cerebrospinal fluid may possibly serve as a means of dissemina- 
tion of the product of pituitary activity (Cushing and Goetsch®®) and 
possibly also of that of the pineal gland. The role played by the cere- 
brospinal fluid in the distribution of these internal secretions is, as yet, 
obscure. 

Is fhe spinal fluid the lymph of the central nervous tissue f As the 
circumambient medium between the cells of the nervous tissue oh the 
one hand and the capillaries on the other, does the cerebrospinal fluid 
act as a medium of metabolic exchange, bringing to the tissues the chem- 
ical substances necessary for the maintenance of life (Go and energizing 
substances) and taking away those excretory substances, the result of 
tissue change and destruction inimical to life (COg and waste matter), 
as Mott stated ? 

The lymph of the body is exuded through the thin-walled capillaries 
under certain conditions of osmosis and filtration and is similar to 
]^lasma, although poorer in its protein content. It conveys nutritive 
material and oxygen to the tissues and takes away waste matter and 
carbon dioxide and, in order to do so, must freely communicate with 
the blood vessels and the permeable membrane must be penetrable in 
both directions, as Halliburton has pointed out. True lymphatics have 
not been conclusively demonstrated in the cerebrospinal system. The 
perivascular and perineural spaces are filled wdth cerebros])inal fluid, and 
it has been argued that as the cerebrospinal fluid is the only fluid coming 
in contact with the cells of the central nervous system, it must be the 
medium of exchange between those cells and the blood. Although the 
cerebrospinal fluid does contain Avaste matter — as a description of the 
I)hysieal and chemical characteristics of it wdll show^ — it cannot, how^- 
ever, be claimed that it possesses any other similarity to lymph, and in- 
stead of being an exudation from the blood, it has been showm pretty 
conclusively to be a true s(‘cretory product of the choroid plexus; and 
wdiile freely entering the blood in its exit it is not freely secreted from 
the blood. Halliburton, on the other hand, speculates that the sensitive 
neurons must be bathed in an ideal physiological saline solution in order 
to maintain their osmotic equilibrium. This is provided by the cere- 
brospinal fluid. The faint traces of protein in the fluid as compared 
■with the larger amount in true lymph are sufficient for nutrition and 
are possibly just the kind of protein to repair the slight amount of wear 
and tear due to nerve action. The sugar present serves as a supply of 
energy. In the present state of our knowledge it must remain a moot 
point "whether the cerebrospinal fluid acts as the lymph of the tissues of 
the brain and cord with the probability that this function is subserved 
in some w’ay, as yet unknown to us. 

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE 
CEREBROSPINAL FLUID 

Color.— SioNiFicANCE OF Bloody AND TuRBiD FLUIDS. — (tt) In the 
normal individual the cerebrospinal fluid obtained by lumbar puncture 
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type and severity of the inflammation. In certain inflammatory condi- 
tions where there is mild meningeal exudation or where the lesion is 
limited to a comparatively small area — as in tuberculous meningitis — or 
where the inflammatory process is a chronic one — ^as in most of the 
syphilitic diseases involving the meninges — the fluid may be clear. In 
inflammatory conditions involving the brain or cord thjsue with but little 
or no meningeal involvement, the fluid is usually clear or, in the event 
of meningeal irritation, slightly opalescent. In purulent processes of 
the membranes the exudate may be pocketed or walled off and clear fluid 
may be obtained by lumbar puncture. In purulent exudation in the 
ventricles not communicating with the subarachnoid space, the spinal 
fluid may be clear, while the ventricular fluid is turbid. Pus in the 
epidural space (extradural) from disease of the bone or from metastatic 
abscess in this region may issue from the needle which the operator 
may think is in the subarachnoid space — thus simulating a purulent 
spinal fluid, as in a case seen by the author. 

Xanthochromia of the Spinal Fluid; the Spinal Fluid Syn- 
dromes OF Nonne and Froin; CoMi’REssiON SYNDROME. — A yellowish 
color of the spinal fluid may be due to dissolved hemoglobin as a result 
of hemorrhage into the subarachnoid space, with tinting of the spinal 
fluid, the depth of color being due to the amount Af hemorrhage and the 
length of time the hemorrhagic fluid has existed in the suWachnoid 
space before withdrawal. Such fluids are rich in hemoglobin and con- 
tain considerable jirotein, especially soon after the bleeding, and usually 
the presence of red cells and white cells, fresh or disintegrating, can be 
determined by microscopic examination. 

This type of yellowish fluid is to be differentiated from true xantho- 
chromia, not the result of hemorrhage, but definitely due to an isolation 
of the lower portion of the subarachnoid space, separating it completely 
from the upper part, and usually indicative of spinal cord tumor of the 
lower dorsal or lumbar region, causing compression. The identical 
findings have been recorded as a result of obliteration of the continuity 
of the subarachnoid space at some point, with an isolation of the lower 
from the upper part, by inflammatory lesions. 

Froin,-’” in 1903, first described the condition in three cases, the 
chief characteristics of which were yellowish fluid (xanthochromia), in- 
creased cellular content and spontuneous, rapid coagulation on standiit^. 
About five years later, Nonne reported three cases of spinal cord 
tumor wdlh clear fluid, marked globulin increase, but without an increase 
of cells and without spontaneous coagulation of the fluid. In the opinion 
of Elsberg and Rochfort,*’” Nonne *s syndrome is suggestive of extra- 
medullary spinal cord tumor, while the Froin syndrome is characteristic 
of large endotheliomas or sarcomas w-hich surround the conus or roots 
of the cauda equina. According to Hanes,®” who has also reported a 
number of instances of this type of spinal fluid, the syndrome described 
bj^ Nonne is merely an early stage of the fully developed syndrome de- 
scribed by Froin. In a case seen- by the writer a very heavy globulin 
increase without pleocytosis, with clear fluid and a negative Wasser- 
mann reaction led to the discovery of a spinal cord tumor. In a case of 
tuberculous meningitis described by Leitch,*® a thickening of the cervical 
membranes and adhesions caused the obliteration of the subarachnoid 
space. The fluid obtained was clear, limpid and yellow, coagulated 
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Normal fluid 

Delirium tremens 

Typhoid fever 

Tuberculous meningitis .... 
Meningococcic meningitis . . , 
Purulent (otitic) meningitis 

Anterior yK)liomyelitis 

Cerebellar (tbc.) tumor 

Meningisra 

(Cerebral embolism 

Chronic hydrocephalus 


2 specimens, 1.006 — 1.007 

7 “ 1.003—1.006 

1 1.006 

6 ‘ 1.001—1.007 

4 1.007—1.009 

4 “ ^ 1.001—1.007 

5 1.007—1.008 

1 ‘‘ 1.006 

3 “ 1.006 

3 “ 1.004—1.008 

3 “ 1.006—1.007 


Reaction. — The reaction of the cerebrospinal fluid is practically neu- 
tral and tlic Il-ion concentration is almost equal to that of the blootl 
scrum. Bisgaard ** gives the pll value as 8.10. Weston gives the aver- 
age figures as 8.12. The presence of amphoteric amino-acids and proteins 
tends to preserve a neutral reaction in the fluid. According to Felton, 
Hussey and Bayne- Jones, the organic constituents vary con.siderably 
in the cer(4)rospinal fluid, being generally less than in the blood. The 
hydrogen-ion concentration is most intimately related to the dissociable 
carbonic acid contained in the fluid. They gave ‘as the average figure 
})II 7.75 with variations from 7.4 to 7.9, and the average alkalinity from 
0.4 to 0.6. Tliis is due to the presence of phosphate, carbonates and bi- 
carbonates. These examinations were made immediately after with- 
drawal of the fluid before any change could take place — a factor of 
importance in getting accurate determinations. Fluids become more 
alkaline on standing. Israelson and Krizman found the pll value at 
37° C. to be 7.35 in normal fluids, and tested 136 cases in individuals with 
various manifestations of syphilis and concluded that the concentration 
of the hydrogen-ion has a great influence upon the outcome of tlie tests 
for syphilis. As the concentration of the hydrogen-ion increases, or as 
the valiK? of pH decreases, tliere is an increasing percentage of positive 
reactions in the cerebrospinal fluid. For example : 


pH 

Globulin 
and Celts 

Wassormann 

Test 

Mastic 

7.7 

1.25% 

5.0 % 

8.75% 

7.6 

40.00 

26.66 

46.66 

7.5 

71.43 

67.85 

78.50 

7.4 

81.25 

93.75 

100.00 


]\IcQuarrie and StohlJ^'^ in comparing the pll of the blood and .spinal 
fluid, showed that both have the same values, viz., pll 7.35 to 7.40, with 
a possible error of 0.02. These authors have publislied a new colorimetric 
method for the determination of the pll of the spinal fluid which takes 
into cognizance the fact that there must be no lo.ss of COj. According 
to Mestrezat, the alkalinity of the. fluid equals 1.25 to 1.30 grams sodium 
carbonate to the liter, as tested with phenolphthalein. According to 
Mott,*" the reaction varies slightly in the various diseases of the central 
nervous system, and is practically the same as during health. Most 
workers agree with this view, although Ilurwdtz and Tranter** found 
the average normal 8.11 and the average for syphilitic fluid 8.14. 
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TOTAL PROTEIN CONTENT 


Per cent. 

Quincke 0.2 — 0.5 

Lenhartz 0.25 

Pfaundler 0.2 — 0.4 

Leri \ 0.5 

Nonne and Apelt 0.5 

Mott 0.3 

Mestrezat 0.186 

Nauratzki 0.22 

Comba 0.19 

Concetti 0.15 — 0.25 

Marchand 0.06 — 0.2 

Broder and Rodhain 0.25 

Ayer and Poster 0.25 


An exact qualitative and quantitative analysis of the protein con- 
tent of the cerebrospinal fluid in normal cases is yet to be made. Most 
determinations show at least a 5 per cent, error. The exact origin of 
protein found normally in the fluid is unknown. In certain abnormal 
conditions — inflammatory, degenerative and irritative — affecting the neu- 
raxis and its membranes, the protein content of the fluid is more or less 
markedly increased. This increase can be detected by an examination of 
the fluid and is of much diagnostic significance. 

As laboratory methods for the determination of protein in the cere- 
brospinal fluid become more accurate and less complicated, slight varia- 
tions in the protein content become more significant. By the newpr 
diagnostic methods of ventricular and cisternal puncture comparisons of 
these fluids with the lumbar fluid often point to the location in the central 
nervous system of the disease process. Ventricular fluid contains little 
protein normally — as low as 5 mg. per 100 c.c. Fluid from the cisterna 
magna conlains more, but less than that of the spinal fluid. Spinal 
puncture at various levels may show decided variations in the protein 
content ; and changes in the appearance of the fluid point to the level of 
the disturbance. 

The proteins in the fluid are increased in proportion to the degree 
of inflammatory reaction in the membranes. In acute meningitis the 
proportion of albumin to globulin is as 12 to 1 (Eskuchen). This high 
proportion prevails also in arteriosclerosis, while in general paresis the 
proportion of increase is as 7 to 3. In si)inal cord tumor it may be 2 to 1. 
As the inflammatory process wanes the protein content decreases. Menin- 
geal irritation, especially if accompanied by great increase in cells, may 
show a moderate increase in protein content due to cellular degeneration, 
but the amount is never as great as in true inflammatory lesions. Vascu- 
lar changes contiguous to the membranes rarely show more than a slight 
increase, if any, in tlie protein content. Such slight globulin reactions 
may occasionally be found in multiple sclerosis, epilepsy, chorea, brain 
tumors, abscesses and vascular syphilis, and hence the importance of 
considering protein increase in relation to the clinical picture and the 
outcome of the other tests. With a very great increase in protein, and 
few, if any, cells, with or without change in color of the spinal fluid, the 



PHYSICAL AND CJ1KM!<’aL ( HAIIA<TKUlSTIi’> 


In quuntt 
a<‘Kl ni«’tho<i of 


111 br.iin liinHsr 


possibility of compression of tin- c.n.i noiM I ..ovi.i.-r. a • ( v 

marked increases arc fouii.l in l.rnn. an.i .vn t.nil ari<.no-<l.r..si;. 

jjQCttc dcidf prouuct'ci by ilu* ili'siiiji i.'raT ou nt t‘ouij*J in 

trAC6S in nornifll s])iiiiil fluiii. It*' t‘,,n in* lifti't'iiiiuinl 
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lactic acid to that of the hlood is ah<nit tin »<* !M) 
tative determination of laetie aeid eiih. r lio* sultUn 
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The normal %nres for the sjnnal Hnid \ary finm ^ to lt» mtr p*T 
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degree in eclampsia, uremia, hydrorephalii". aiei Itr.tin al 
ill cerebrospinal sj'philis tlie ti^nires are lioi ini P'a''od. 
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Choline is present in normal fluid in inmiinal traees {Ko}*e!.d;y. Hal- 
liburton, Gumpreeht and ofliers), and is a }>ro<ln. t of hram inet«lo 
olism, probably due to the deeornposition <d‘ l<-eiiliin- Aeeurditjir to 
Kopetzky, there is in tlie menin^dtj<les espeeially a deeoja position of 
the lecithin molecular clement of tlie nerxtm-; tivsms with tlie pnidue 
tion of increased amoiinis of eholine in the t'erehrospinal fhod. ’!'» tins 
he attributes the toxic! etl’eets of the disf*a*>e. 'I he ino rfen’oee uith the 
free circulation of the eerehros[nnal fluid, due to inereavd )»re%Mire. 
results in an accumulation of this toxic siihsianee VMth a poisonous efieet 

upon vital nervous centers. i i • 

The principal carhoJufdrait' present in the eerehrospina ituui is 
dextrose. Until recently there Avas eonsideralde douht as to the 
of the reducing substance jursent in the eerehrosjoiud flind HaHdmr. 
ton thought it was a snhstanee akin to pyroeatoelun. A'hde “ 
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of recovery. In meningism of pneumonia and typhoid fever and in 
the serous meningitis of delirium tremens and uremia, and frequently 
in tuberculous meningitis the sugar content is normal ; and in the first 
named conditions this fact may be of differential diagifostic value in rul- 
ing out a true inflammatory condition of the meninges. Sugar may be 
increased in epidemic encephalitis (above 80 mg. pet 100 c.c.) and in 
diabetes mellitus, occasionally in nephritis and, according to Mestrezat, 
in uremia and toxic pneumonia and typhoid, and in various organic ner- 
vous diseases coincident with a hyperglycemia a high sugar content in the 
fluid may be recorded. In diabetes mellitus the sugar in certain instances 
may be accompanied by acetone, diacetic acid and oxybutyric acid, es- 
pecially if coma is supervening. The sugar content of the fluid is prac- 
tically unchanged in the various organic and functional diseases of the 
central nervous system, other than those mentioned. 

Cholesterol is present in the si)inal fluid in traces, the average amount 
being greater in certain degenerative types of disease of the central 
nervous system, e.g., general pare.sis. But the variations, according to 
Weston,^'" do not bear any constant relation to the type of psychosis 
present. 

CHOLESTEROL CONTENT OP THE CEREBROSPINAL PLUTD.IN VARIOUS PSYCHOSES 



Average 

age 

Quantity 

Mg. per c.c. 

Paresis 

. ... 43 

179 

.003965 

Senile dementia .... 

.... 72 

127 

.0037 

Organic dementia . . . 

.... 71 

173 

.00496 

Manic-depressive insanity. 54 

143 

.00305 

Dementia precox 

.... 42 

118 

.00451 

Gerebrospinal lues . . . 

.... 54 

160 

.0064 

Epileptic psychosis . . 

.... 42 

141 

.00467 


Vrca is present in the normal fluid in quantities identical with those 
of the blood, varying from 0.01 to 0.05 per cent. (Soper and Granat®"). 
In conditions of uremia the urea content rises coincident -with a rise of 
the urea content of the blood. A spinal fluid content higher than 0.2 
jier cent, urea indicates a severe uremia and a rapidly fatal termination 
(Soper and Granat). In cases of nephritis a urea content between 0.1 
and 0.2 per cent, means a rapidly fatal termination in the majority of 
ca.ses. A content of urea between 0.05 per cent, and 0.1 per cent, is sug- 
gestive of a severe urea retention, but definite conclusions cannot be 
drawn from a diagnostic or prognostic standpoint without a considera- 
tion of the clinical condition of the patient. In acute nephritis wdth- 
out uremic symptoms, Leopold and Bernhard found the total non- 
proteid nitrogen slightly increased and uric acid present in small 
amounts, while in acute nephritis with uremic symptoms the total non- 
proteid nitrogen, urea and creatinin were markedly increased, the uric 
acid slightly increased, although the figures were somewhat lower than 
in the blood. These studies w^ere made on the spinal fluid of children. 
These authors found, the total nonproteid nitrogen to average 21 mg. 
per 100 C.C., the urea nitrogen 9.9 mg. per 100 c.c., creatinin 0.9 mg. 
per 100 C.C., while uric acid was present in amount insufficient for quan- 
titative analysis. They found the total nonproteid nitrogen of the spinal 
fluid to be about 75 per cent, of that of the blood; urea, 82 per cent., 
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and creatinin, 60 per cent. In mtucis lIi(•^ull|»itl^ ihr noupnitriil fuiro- 
gen and sugar were found to W iioniud. uhih* in tulHivui..u> m«*j ui 
gitis the figures were iionnal, with tho i-w-pnon ut‘ rr- atnun. \yhi u 
slightly increased. Rosenbloom,"* in mi t \anni»a?i..n of 20(» o r of wrv. 
brospinal fluid from different eases, usunr ,ij,. of .laffr. laile<l to 

find any trace of creatin or creatinin in tlie spinai tlnid. 


TECHNIC OP LUMBAR PUNCTURE 


Spinal puncture, if proj)crly and skilfully jierfrvrmed. with the neces- 
sary safeguards and jirecautions, is a sini{>le pi(«‘o.ltire. It usaallv 
attended with slight or no pain to the pafimit. and ihi* opi nitton carries 
with it, in the vast majority of ins1une«‘s. no ilanifiM* io life The after- 
effects of the puncture are freipieiitly lnsuhiehe and. (teeaMoitail> . dizzi- 
ness and vomiting. Tin* lieadacli(‘ ean In* niitiLMt'd to a eertani extent 
but cannot always be entirely avoidi'd. 'I'hen* iua\ he s(ane pans sn the 
region of the puncture site din* to trauma to the tis>iies tra\er'.(<d hy the 
needle, especially if nnnierons ]ninetures have been mad*- hefotr ent* r!T){» 
the canal. The backatdie disaiipears promptly, as a rule (h«-as!omdly 
if the needle is not djn'eted in the proje-r axis the nerve-n>ot-* may he 
traumatized, usually with inonn*ntary pain alom/ the v-nsory tf-rminaU 
in the thigh, leg or foot. Tin* motor roots ar(* not often atfeeif d. hm 
involvement of the sjihiricters ainl of the lower ext remit iex has been 


described. , 

In a few instances tin* simple withdrawal of not more than > e.e of 
fluid has aggravated the existing s<*nsory symi»toms. .‘speemlly in <’nseN 
of syphilis of the central nervous system, but the p.nn ean eaMiv be eon 
trolled by the administra1i<in of an opiate. In over titte, n years exper. 
ence in spinal puncture work, tin- writ.-r lias s,-.-,. on- 1.. ol.ty 
occurred six hours after pimclnrc and «ho li -onl.l not 'I'’ ""'y 
surely be attributed to it-and kno«s ,d; no ,nsl.,n, o xua n 
■W'as harmed permanently by the ojieration uo.nii'ii.t.- 

ache, which is usually mild, tlioii^di oc-eaMonallv ■ ■ 

and lasting from a few -lays to a w-k or «o, ,11 -ll-ets l..,^, 

been observed if proper preetmiions lak-n , 

The majority of eases ol ..add, a inn, 

have occurred in patients witli tniiiois o " 

Cramer** lists .‘18 cases, as lollows: 


Cerebral tumors 

Cerebellar tumors 

Cerebellar tnbeivh* 

Uremia ; 

Tuberculous incniiigH is . 
Cerebrospinal iimnimrit is 
Cerebellar aneiir^'^m 
Sylvian arter.v am*uiw''MJ 

Hydatid cyst 

Hydrocephalus 
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ture, especially after a few hours have elapsed, have probably not been 
due to the puncture. Where initial symptoms of respiratory embar- 
rassment ensue soon after puncture and end in death, foraminal hernia 
with embarrassment of medullary circulation may ob assumed to be 
the cause of the fatality. In individuals with diseased cerebral vessels 



Fiq. 1. — Lumbar Puncture; Sitting Position. 

Patient. back bent slightly forward, chin upon breast, supported by nurse. 
Needle in spinal canal. Rkin over vertebral spines and crests of ileum painted with 
tincture of iodine to outline position of puncture site. 
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sudden withdrawal of fluid ma\ l.^ad tn ruptuiv - apoplexy. Thus it 
behooves the physician to enu*r up..!i hi.s \s<,rk advi>i‘dly, with ewry piv* 
caution, and with a full reaiizathui .»[ iioMhlt* daii^M v 

The practitioner can easily lufuinc iii punoturiuj; the 

spinal canal by attention to the d.-iatk ot ih- pn»eedure, an deM-rflad 
below. A study the positiim of ilir li.uih.n- and laruune o« 

the skeleton, in relation to IIk* spinal enrd and iIn meiul)raue>, and prat'- 
tice on the cadaver are recommeiuh'd. 
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It is perhaps safest for the practitioner to adopt the reclining position 
as a routine, to avoid not only the danger of sudden death which has 
been known to follow the sudden release of fluid in the conditions men- 
tioned, but also the lesser unpleasant complications* alluded to above. 

The patient is placed on the very edge of a firm, flat bed with his 
back parallel to the edge, thighs and knees flexed to* the fullest extent, 
and the chin brought as far forward on the chest as possible by flexion 



Fio. 3. — Lumbar Puncture: Becumbent Position. 

Nurse with arm in patient’s popliteal spaces, flexing thighs. Patient’s hack is 
parallel to edge of table. Needle in subarachnoid space, stylet withdrawn and fluid 
dropping slo^^ty into sterile test tube. Note tincture of iodine markings for sterility 
of field of operation and as guide to landmarks. 

of the nook and shoulders (Fig. 2). An effort should be made to keep 
both shoulders in a line perpendicular to the surface of the bed. It 
is quite important to have the surface of the bed flat and firm. A 
table leaf placed between the mattress and the spring wdll greatly facili- 
tate the operation by preventing a sagging of the spinal column, throw- 
ing the interspinal space out of alignment by a partial rotation of the 
vertebrfB. An assistant should place one hand behind the patient’s head 
and the other arm should firmly grasp both popliteal spaces, flexing 
the legs and thighs upward, doubling the patient up in the Jack-knife 
position, in order to widen the interspinous spaces as much as possible. 
Care should be taken not to allow the shoulders or chest to sag away 
from the operator who stands facing the patient’s back, while the as- 
sistant should kneel in the bed or stand on the opposite side facing the 
operator (Fig. 3). In the hospital a flat operating table is preferable 
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to 8. bod. The ex8ct position oi ih** i** a sint t^U’i /.'i /; {or .» 

and successful puncture with tlie inn.aual antouh? jjMfhjMjlaiiun ; 
hence the emphasis laid on details. 

If the sitting position is pretVnvd, fh«' is made to si! npeo 

a moderately low stool, with hack hi‘ni h-rward simd.dy. tla* amis op*>» 
the thighs or the hands gru'-ipin;; tie- kim. >, An. stands in 

front of the patient and stearlies tin* head and slmuiderN,, <>r m lin- ah* 
sence of an assistant the patient should sit wnh the li. ad a}raiit’'t a wall. 
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Aseptic Precantions.--Sin.'i gs' i ^ 
ing out the procpdiire. llj'- 
the operator’s hanils slumld h-- ^ _ 

operation, or sterde glovi's ^ 

surroundedby sterile toe p 'j. 

at least four inches about i ^ ^ , 

coated with tincture of lodue. , 

lightly touched with kLcssh-v - 

^N^es and Apparatus 

puncture a moderately short ’ _ ^ | 

— ^preferably of nickcloid 


t-d.d, 

. ‘'.r a rmijne 

jii'i.t <d’ 

, .;nctf!r«' and f/‘r 

■::(!, ai-'" sh<i»dd 

ii,H ...h 'uM also 1 h- 
landmark^, 
iri 

.,i le'crlh* 

, ,t j- l mm. 


600 CEREBROSPINAL FLUID IN HEALTH AND DISEASE 


and about 10-12.5 cm. in length, armed with a style^ is necessary. 
In recent years the writer has been using a sharp pointed nickeloid 
needle of about 18 or 20 gauge B & S, for puncture. For children a 
7.5-8 cm. needle of about 20 gauge (B & S) and about 10 cm. long 
is necessary. For very stout and muscular individuals a needle at 
least 10-12.5 cm. long is necessary. The needle ‘should always be 



Fig. n. — L umbar Puncti re: Introduction op the Needle. 

Note forefinger of left hnml pointing to interspinous apace. Needle being 
introduced perpendicular to sliin and parallel to plane passing through spinal column. 

guarded by a stylet, which serves not only to keep the lumen free until 
the subarachnoid space is reached, but can also be used to regulate 
the flow of spinal fluid. There are a number of special needles on the 
market designed for the purpose of facilitating the withdrawal of fluid 
slowly, measuring the pressure of the fluid and providing means of easily 
and quickly attaching an apparatus or syringe for the injection of 
therapeutic sera. The apparatus of I. Strauss is one of the simplest 
and best of these. It is shown in Fig. 8. By means of graduated 
withdrawal of the ‘Stylet the fluid can be made to ascend the measuring 
arm of the graduated manometer or allowed to drop slowly from an 
exit provided. To inject medicated fluids or sera this exit is plugged 
with a small stylet, the pressure manometer removed and the syringe 
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or gravity apparatus attached lu'n'. Tin* \\ln.lr i*- <‘:^*>d;‘ 

sterilized by boiling. The apparatus nf M. m 

ous contrivance, ^eing j)rae.tu*ally a (.^uun-Uo plaiisiuisi ivid'uuu nrr.lU- 
with a three-way stop-cock. A wry «d atinui 

twelve drops, is needed for the rca<ling nf ih,* pn ^sun* tu tin* er.ahmt* ♦} 
manometer, and one of the arms of tin* cock can he used for Un* 
injection of fluids. 

Frazier uses a needle with a thrcc-way stojy-cock attached, pro- 
vided with a stylet. The ]>rcssurc reading lui«c, Avluci\ vtnaU and 
can be conveniently carried in the poekd. is a imTcurv manometer 
and fits into one of the arms of the sti»p-cock. To th<cs<* prcf<Tring n 
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for puncture and treatment can also easily be devised. A half-ounce 
glass catheter-tipped syringe or the barrel of a 20 c.c. Record or Luer 
syringe, to which twelve inches of rubber tubing ii^ attached, and to 
the other end of which tubing is placed a small metal adapter to fit 
the hub of the puncture needle, serves as an injectii^g funnel (Fig, 4). 



Fio. 7. — Lumbar Puncture; Pressure Readinq. 


Needle in position with both tubes of manometer attached for pressure reading. 
Stylet of needle completely withdrawn and fluid mounting in calibrated tube. 

Site of Puncture. — Ordinarily an imaginary line drawn between the 
crests of the ileum will intersect the spine at the proper level for punc- 
ture, i.e., just below' the 4th lumbar spinous process. The needle is 
introduced in the midline (to avoid the roots of the cauda equina, which 
are about 2-5 mm. apart) exactly between the spinous processes of the 
3d-4th or 4th-5th lumbar vertebrae or in the lumbosacral space. In 
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level punctured is obliterated, it may be necessary to puncture at a higher 
level, gating between the 3d or 4th, or 2d and 3d lumbar vertebrae. In 
one case in which puncture at the 4th lumbar space gjive a dry tap, suc- 
^ssive punctures in the higher spaces gave xanthochromic fluid, and 
finally clear fluid, and helped to localize the tumor su^^sequently removed 
by operation. 

The Puncture. — The needle should be inserted midway between the 
upper and lower spinous process, peri^endicular to the skin and parallel 
to the surface of the operating table or bed (Fig. 5). The needle is 
first grasped with the shaft between the thumb and index finger, with 
the^ hub resting against the center of the ])alm of the hand — in the 
position in which one grasps a shoemaker’s awl — and pushed through 
the skin for about one inch only; then the i)almar surface of the last 
phalanx of the index finger is placed on the hub cap of the needle, 
while the thumb and oilier fingers grasp the shaft of the needle near 
the hub and gently push it forward until the point is felt to pierce 
the membranes and pass into the subarachnoid space (Fig. 6), There 
will be a give to the needle as the membranes are jiierced, and care should 
be taken not to use too much force, otherwise the anterior wall of the 
Rjiace will be touched and possibly one of the plexuses of veins ruptured, 
with consequent ble(‘ding into the cerebrospinal fluid. Depending upon 
the musculature and obesity of the patient, the neculle will have to be in- 
serted from 5-10 cm. before this point is reached.* The stylet is now 
withdrawn slowly, and if the needle is in the subarachnoid space, fluid 
will be seen to issue from the needle (Fig. 3). If bony resistance is en- 
countered before fluid is obtained, the needle should be withdrawn until 
within one inch of the skin and the direction of the needle altered slightly 
cither upward or downward or laterally until the membranes are pierced. 
The needle must not be bent in an effort to change its direction, for fear 
of snapping it off. Sometimes the needle is in the canal but the lumen 
of the needle is ob.structed by a bit of membrane or exudate or a nerve 
strand, so that before withdrawing it entirely the stylet may be inserted 
again and rapidly withdrawn to create suction to clear the needle, or it 
may be rotated on its axis slightly or very slowly withdrawn a few mil- 
limeters or pushed in a bit until fluid issues. When the stylet is with- 
drawn free blood may issue from the needle, due to hemorrhage from 
veins upon the m(’inbranes in the epidural space. The needle must 
then be entirely withdraw ii, cleansed free of blood, and the patient 
punctured again. If the fluid issues blood tinged, the hemorrhage is 
subdural and the fluid usually becomes clearer as it flows, though it 
may not become wholly free from blood either macroscopieally or mi- 
croscopically. If it is absolutely essential to obtain a blood-free fluid, 
the patient should be punctured again in the space higher up. The 
needle having entered the subarachnoid space, it should be allowed to 
issue drop by drop into a sterile test tube. One to two c.c. arc gath- 
ered in each of two or three .tost tubes and will suffice for all the 
necessary bacteriological and serological tests. If pressure readings 

*Tho needle traverses the following structures in its excursion: skin, subcutane- 
ous tissue, interspinal ligament, subflavous ligament, epidural fat, vein plexus, dura 
mater, arachnoid. In this region the dura and arachnoid are in contact while the 
pia invests the cord and nerve roots. The dural sac is between the arachnoid and 
the pia mater. 
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are desired, the manometer is attached as soon as the needle enters 
the canal and before the stylet is withdrawn, the readings made, and 
the fluid in the manometer used for the examination. Where fluid 
is to be removed for therapeutic purposes or if the fluid is under greatly 
increased pressure, it is unwise to reduce the pressi^re below 100-120 
mm. of water or 10-12 mm. of mercury. In using the needle to gauge 
the pressure for this purpose the fluid should be permitted to flow until 
it issues slowly drop by drop from the needle. When the pressure is 
high the fluid will issue in a spurt or steady stream if the point of the 



Fig. 11 . — Lumbar Puncture: iNruASPiNAL Injection, Another View. 


needle is free in tlie canal and unimpeded. It is of the greatest im- 
portance for the novice to be mindful of the danger of too sudden or 
rapid withdrawal of fluid in certain intracranial conditions, and in 
every new case so to regulate the flow of the fluid from the needle by 
means of partial withdrawal of the stylet from the hub of the needle, 
or by use of a pressure apparatus, that pressure will be reduced slowly. 

The Queckenstedt Phenomenon. — Pressure on the jugular veins 
causes increased intracranial pressure, which can be recorded by 
means of the spinal manometer and can be charted graphically. Pres- 
sure on the jugulars by the finger or by a specially prepared band in- 
creases the pressure in the lumbar sac, which in turn increases the 
column of fluid in the manometer. Failure to cause this rise is indica- 
tive of a block somewhere between the cranial cavity and the site of 
puncture. This phenomenon was first used diagnostically by Queck- 
enstedt. 
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The pain usually disappears immediately when the patient lies down. 
The sequelae infrequently last longer than a few days to a week, al- 
though if the patient persists in walking about, severe headache may 
last as long as two weeks. 

During and for at least one-half hour after the ^removal of spinal 
fluid, an assistant or nurse should watch the patient carefully, espe- 
cially where tumor of the brain is suspected — observing his color, pulse 
and respirations. A marked change in pulse or respirations, a sudden, 
severe headache or feeling of nausea, should immediately call for a 
halt in the removal of fluid, and if the pulse or respiration do not be- 
come regular and normal, or if cyanosis supervenes, stimulation and 
artificial respiration should at once be resorted to and kept up until 
the patient is again breathing normally. 

Lumbar Puncture under Anesthesia. — In the vast majority of in- 
stances spinal j)imcture can be performed without the use of any anes- 
thetic, local or general. In hypersensitive individuals local anesthesia 
may be used and a spray of ethyl chloride at the puncture site will usu- 
ally suffice. Some o])erators prefer the use of infiltration anesthesia 
with cocaine or other local anesthetic. The writer prefers novococaine 
1 per cent, for this purpose. The skin at the site of puncture is first 
infiltrated with a few drops of the solution, a two-inch needle of about 
I9~20 gauge (B & S) is then pushed through this area as far as it goes 
without piercing the membranes, and about 2-3 c.c. of 1 per cent, novo- 
cocaine solution infiltrated, while the needle is slowly being withdrawn 
or as it is pushed in. After five minutes the spinal puncture can be 
performed painlessly. Children rarely need an anesthetic. The writer 
never uses it for them. In delirium or maniacal patients a general anes- 
thetic may be nec(\ssary, a few whiffs of chloroform being given — just 
enough to quiet the individual. The more expert the operator, the less 
frequently will he resort to the use of any form of anesthesia for this 
procedure. Infiltration with an anesthetic has one disadvantage, in 
that it tends to obscure somewhat the landmarks. Under these circum- 
stances it is wise to leave the infiltrating needle in situ and pass the 
lumbar puncture needle along it, using it as a guide or director. 

After the needle is withdrawn the site of puncture is cleansed of its 
iodine coating with alcohol, dried, and a small protective dressing 
placed over the puncture hole. 

Lumbar Puncture Headache. — Of the minor sequelaj of lumbar 
puncture, the most common as well as the most distressing to the pa- 
tient is the headache which follow^s this procedure. It is frontal, 
temporal or occipital, or feels like a tight constricting band around 
the head, and is often throbbing and intense. If the patient persists 
in walking about or even in sitting up, nausea or projectile vomit- 
ing may occur. There may be faintness or weakness. Lying down 
promptly relieves pain and concomitant symptoms. 

The cause of lumbar puncture headache is very much in doubt. 
It is believed that it occurs more frequently when the spinal fluid 
is negative than when it is positive. In other words, many believe 
individuals without involvement of the neuraxis, e.g., cured luetics, sub- 
mitting to puncture for diagnosis are more apt to suffer than those with 
a definite lesion of the central nervous system. In the writer ^s experi- 
ence this is probably not the case as patients with syphilis of the nervous 
system and positive spinal fluid tests suffer as much and almost as 



TECHNIC OF Cl MliAl! ITNn' 


1 ui; 


? lo' irui.i-' 


frequently as normal indivitluals. ' An exception to this m 
for paretic individuals, ^vh() rarely sutVer aUer-efTeeiN Ti,. ,.\j 
may be in the fact that in pareiie.s the tluol i. uml- r con-oh r , n jM- 
0# pressure, and puncture relie\es liu- wulnmt rcinrosi* u 
to bring on headache. In other iii<li\ i.luaK wnh lu.nk.a uirt.'.,xv oi oi 
tracranial pressure, puncture promptly relieves hejoiache due to this 
factor. 

The headache is said to be more freipient following' pututor'- in the 
sitting position or where position is assunie.i utihui tvi.-nu t.oir 
hours after puncture; but in many patients who an K. jtt m b<‘d twenty- 
four hours after puncture the pain is not avvrtctj. tht.uirh u» the writer's 
experience it is less frcijuent. Tlie ainonnt of tloul n'inov< *i n probably 
not a factor unless too larfje a (pnmtity is withdraw n, fm“ the removal 
of a few drops has been followed by a typical Ic .idai lc' bivtuu/ a w^eK 
whenever the patient assumed the uprijrlit ]H>»ition. and the immeibiu* 
replacement of the fluid witlidrawu by saline solution has hail no « tTeei in 
averting it. In certain cases of loss of spinal fluid t!irmit:li the na^al 
cavity or following fracture of tlie bone of liie shull. as mneh ns blH) c c, 
has been known to be drained off within twenty-four hour'' without iM 
effect, hut the patients wore usually in tlie rcelininti pttsition, This alMi 
applies to cases undergoing veiilrieular or eisternal puncture and follow- 
ing decompressive and other brain procedures where Jluul i;* \od. Ac- 
cording to Dana,*’' the headache is eaUMsl by irniatiou ol the dural 
fibers of the 5th and occipital nerves wlien the tluid is drained away, 
allowing the brain to sink down on the bone. There is an a< utc dis- 
turbance of the mechanics of the cerelirospuial .ureulation, hu this 
explanation will hardly suflicc for the many ‘ . 

lowing the withdrawal of less T u t “ I e t.oiutrririhat flu- 

MaeRobert"** is very ingenious and jdausibh . Ib ponds out tt a 

invests the eenl vhil.; the HuM is in .he ''I 

between tlie pia and tlie ann-h.n.nl am • 

tion. The latter is tough and brm and f \ a 

full and nonvascular. The litbdrawu. unless tin- 

hole m It which may persist ‘‘‘I i, into the Imb- 

loose arachnoid plugs it up. H . • ' . j . \uun* \ facili 

by the needle in its ou heard excur> n 

tafmg the seepage oi ferchr(is|>in.iM ne' inierrui.iimi nt ii 

space. MacRobert cites a case • ■ . 

puncture after the needle bad ^ 

was withdrawn. The constant ^ ,,, 

the cushion of fluid at the base o ^ . 
patient sits up the entire wmgii o 

pons to the basilar plexus ol 

The veins are soft and conipn-Ml*lt • ^ Itb- Tb- venous 

in the skull, which are tough M rid 10^ ,.ni;.re,.d niid 

flow is impeded in its udh a n- -f 

forced to travel by other crou.lN i o '. . ^V!o n d- 

sure and a coincidimtal me m m r.o ^ 

lies down the weight is ldP''l*'- , '* ,■ ,• ti,. 


in!t'n*upii<*n of a 

but befon- any fluid 
rpidunil ‘-poet' eniW’s 
}„• !>v't and v\lu*n tlc- 
imp.'o tin* 

„i; !}te oeeipdal UoUC. 
lin.-liwU to tif' sinuses 


lies down the weight ... .- 
the headache is relieved, nm 'y 
in a few days or ‘"ij,,. 1„,, 

water cushion at the ban ti’. 

of the cerebrospinal pressure or • 


il." ■'*" 


r'l hoi 


u\ th‘* dura 

p. P't,tor<*’s t!*c 
ihe merhant'an 
i,r tbo eansd' of 



610 CEREBROSPINAL FLUID IN HEALTH AND DISEASE 


the lumbar puncture headache. This suggests the use of a fine needle 
with a short bevel but sharp point, which wiU make as small and fine a 
hole as possible, in order to prevent fluid seepage into the epidural space. 

TECHNIC OF CISTERNAL PUNCTURE 

This procedure was first described by Wegeforth, Ayer and Essick 
in 1920 and by Eskuchen^®^ in 1923. Ayer^®® in 1923 described his 
method of puncture of the cisterna magna. Since this time numerous 
articles have appeared in the literature. For the details of the technic 
the reader is referred to the articles of Ayer and of Eskuchen as well 
as to a recent paper by Spiegel,^®® who has adopted the Eskuchen technic 
and invented a simple and safe needle for this operation. 



Fig. 12. — Needle, 19 gauge steel made in two lengths, six and eight cm. Guard 
placed at the end of needle proper. (Spiegel) 

• 

The writer has used both the method of Ayer and of Spiegel and pre- 
fers the latter. The patient should be kept in the reclining position and 
the same precautions as to asepsis and watchfulness for respiratory 
changes should be observed as described under lumbar puncture technic. 
The following diagrams illustrate the direction of the needle in punc- 
turing the patients as well as the fundamental differences in the Ayer 

and Eskuchen technics. • 

\ 



Fig. 13. — Copy op Tracing from Frozen Section op Head Cut in Midsagittal 
Plane, from original article of Dr. James B. Ayer, Puncture of the Cisterna Magna. 
A, Eskuchen needle at point of orientation. B, Needle in situ. (Spiegel) 


METHODS OF P:XAM[XATlOX 


It seems, according to tho opinion of most contrihntors to tho litera- 
ture on the subject, that in (‘X]HTt hamK an.l lim* i>nM*antions, eis- 
temal puncture is, not hazardous to liiV; mdrvd. uu^st observers believe 
it to be just as safe as lumbar puneture. In most in-xtaiu'es it is a paiti- 
less procedure and has the advantagi^ of avtviding tin* hej\<bu*hes which 
so frequently follow lumbar puneture. As a rule, tlie piinenire can be 
done in the clinic or office and the patient is able to go al>out liis business 
soon thereafter. Of course where tiiirmr cerebri is suspected, the patient 
should be kept in bed after the puneture. 
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the diagnosis but also in the prognosis of many diseases, imposea upon 
the examiner an equally grave burden of responsibility which can be 
fulfilled only by sufficient experience in carrying out tjae technical -details 
of the various examinations and by conscientiousness and accuracy of 
observation in reading and recording the results. TJlie relatively great 
role which laboratory diagnosis is playing in relation to clinical diag- 
nosis — especially as regards diseases of the central nervous system — and 
the increasing favor with which clinicians are looking upon laboratory 
examinations, bespeak an enviable degree of confidence on the part of 
the practitioner for the pronouncements of the laboratory worker. 

It cannot be too often iterated, however, that the facts revealed by 
pathological examination must always be considered in relation to the 
clinical condition of the patient and the data ascertained by a thorough 
physical examination. Any one fact or group of facts revealed by ex- 
amination of the blood or cerebrospinal fluid cannot be said always to 
outweigh the sum of facts obtained by a consideration of the entire 
clinical picture. It is only in relating laboratory data to subjective 
and objective findings and their proper balancing that the true com- 
posite picture of disease is completed and the patient’s interests con- 
served. This is true not only in the use of labori^tory data in diagnosis 
but equally, if not more so, in the prognosis of syphilitic diseases of the 
central nervous system, which will be considered under a separate 
heading. 

A consideration of the above facts indicates the necessity for a greater 
degree of cooperation on the part of the clinician and of the laboratory 
worker, so that the data as revealed in the laboratory may be appreciated 
in their proper perspective. Under a separate heading we have enu- 
merated the character of the cerebrospinal fluid in health and disease 
and we will now proceed to a consideration of the technic of the vari- 
ous laboratory tests and their significance. 

It is important that determinations are carried out as soon after with- 
drawal of the fluid as possible and that the fluid is carefully stoppered, 
to avoid contamination and evaporation, and that the test tubes are care- 
fully prepared to insure sterility and to avoid chemical changes as a 
result of too acid or too alkaline reaction from improperly cleansed tubes. 

Tests for Protein (Globulin and Albumin). — The test for protein 
was popularized by Nonne in the diagnosis of syphilis of the nervous 
system. The principal protein constituents of the cerebrospinal fluid 
are globulins (euglobulin, pseudoglobulin, fibrinoglobulin) and as a rule 
our tests are confined to their detection alone. As blood gives the reac- 
tion, fluids must be blood-free if the test is to be of any value. Even 
traces of blood vitiate the results. Centrifugalization removes the cells 
but leaves blood serum behind. 

Total Protein. — Total Protein Determination . — ^In recent years it has 
become necessary to determine accurately the total protein content of 
the cerebrospinal fluid, especially when puncture is done at various 
levels and for comparison of the lumbar and cistern protein contents. 
Thus a differential point of great significance in diagnosis between lesions 
fit various levels is afforded. Most of the tests depend upon the pre- 
cipitation of the protein by means of picric or sulfosalicylic acid or by 
boiling with trichloracetic or other acid. 

Aufrecht*s Alhuminometer . — This is a conical tube designed to fit the 
centrifuge. The fluid is filled to the level U in the tube and then to the 
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. — --jliis inelliiui (irjhMiil'; Upon j)reeipi- 
tation by SUlfosalicylic acid and eompari-ou \viih a Maiuianl made h.v 
precipitation of a protedn solution ol known slrengtli, using a eolorimeier 
or nephelometer. For the test, 0.6 c.c. spinal fluiil, 0.4 .•.e.’<listilled \vnt<T 
and 1 c.c. of a 5 per cent, sultosalieylie aeiil solution are a«ld('d to a test- 
tube, mixed by inverting several times and allowed to stand for .1 minutes. 
It is then placed in a colorimeter and read against a suitable standard, 
made as follows: 200 c.c. of fresh human serum, eh*ar and nneontam' 
inated, are diluted with 200 c.c. of a lo j)er cent, sodium chloride solution, 
filtered, and the protein percentage delermim'd hy tin* Kjeld.dd mi‘tli(Kl. 
A few c.c. of chloroform arc added as a preservalivi*. and il is kept lightly 
stoppered in the ice-box. It keeps two or three months. For use, two 
diluted standards containing 20 and .‘10 mg. of protein per 100 e.(‘. are 
made. For the lest, the standard suspension is made by adiling d e.e. 
of the 0.02 or 0.03 per cent, protein with 3 c.c. of the h j)i‘r cent, sul- 
fosalicylic acid sohitidn. 

Method of Mcslrezatr^ — To 2 c.c. of cerebrospinal fltiid, add 0.3 e.e. 
of 30 per cent, trichloracetic acid, lloil raphlly. Set asule for 20 min- 
utes to cool. Then shake and compare witli standard Keah‘ of Mestn^zal. 

Globulin Reaction . — ]. Nognehi^s'*^ Butyric Add Mcihod for 
Glohulin.— The writer prefers this method, wliieh is simph‘, wmsittve 
and reliable. The only disadvantage is the i)ung(‘nt and unpleasant odor 
01 the butyric acid ingredient. 
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Heat gently and add 0.2 c.c. normal sodium 
Boil about 1/4 mimilc and allow lo sland >d,nnt .. ’ 

Slight flocculation and turbidity arc noid \ ’ 

Heavy flocculation and turbidity arc read as two pU ( i b 
Normal fluids give a faint nnilonn opalcsi.inu,. Any 
of fine flocculation is' a positive reaction. 

5. Nonne and Apelt ” Phase I 
fluid (say 0.5 c.c.). and «at«™tcd soliition 

sulfate. Allow mixture to stand, a ‘ ’’j or ].rccipitntiim. 

A positive reaction is indicated by a 

Normal fluids give a faint opaloswi^c lavcring ibe spinal 

3. Boss-Jones ModificaUon. Tl ■ . ,^,|ifate. A white ring 

fluid over the saturated solution of ammonium 

indicates a globulin ,, . , of cerebrospinal fluid carefully 

4. Method of Pandy^-Md 1 Unp « I'loiKli-wl.ite ring in- 
to saturated, watery rinc* indieales a stronger reaclion. 

dicates abnormality, while a ^^h ^ ppjs, b> 

The degree of reaction can be giad.d as 1 1 

experience. , . p- of siiinnl floid m a swan 

d. Method of Kaplan. — ,„ ice. a id add :i drops of o per 
(8 X 1 C.C.) test tube to the bmbng point tv 



514 CEREBROSPINAL FLUID IN HEALTH AND DISEASE 

cent, butyric acid in normal salt solution, and then 0.6 c.c. of a supers 
saturated ammonium sulfate solution. The latter solution is allowed 
to flow gently down the side and under the contents of the tesj tube. 
Set aside for about 20 minutes. An excess of globulin is indicated by 
a thick granular ring. The reaction can be made a quantitative one 
by adding graduated amounts of spinal fluid — fronf 0.1-0.5 c.c. in 6 
tubes — adding salt solution to bring the total amount up to 0.5 c.c. and 
then proceeding with the test, as indicated. 

6. Method of AmossJ ^^ — A suitable reagent for the globulin test in 
spinal fluid may be prepared by dissolving 3 grams of anhydrous potas- 
sium dihydrogcn phosphate in 100 c.c. of distilled water and adding 
0.05 c.c. of glacial acetic acid. In making the test, 0.2 c.c. of the spinal 
fluid and 0.6 c.c. of the reagent are mixed in a small agglutination tube 
and placed in boiling water for six minutes. This test is slightly less 
delicate than the Noguchi test, but offers some advantages over the latter 
for field work. 

Tests for Albumoses. — 1. Method of Kafka . — 2 c.c. of cerebrospinal 
fluid are dialyzed against 10 c.c. of distilled water for 16 hours, at 30° 
C., using a dialyzing thimble (Schleicher and Schull) impervious to 
albumen. Then add 0.2 c.c. of a 1 per cent, ninhydrin solution to the 
dialysate. Boil for one minute, and allow to strfnd one-half hour. A 
gray-blue, blue or violet color indicates the presence of a positive nin- 
hydrin reaction, which speaks for acute meningitis. 

2. Method of Sicard . — ^Boil 5 to 6 c.c. of spinal fluid after saturating 
with Na 2 S 04 or NaCl, to coagulate proteids. Filter several times and 
add to the filtrate, crystals of NII^Cl from a supersaturated watery solu- 
tion. If albumoses are present an opalescence appears around the crys- 
tals, which disappears partly on heating, to re-appear on cooling. 

Pol^sium Permanganate Reduction Test. — This is a test devised by 
Mayerhofer for the detection of organic substances in the spinal fluid. 
Normal spinal fluid reduces potassium permanganate when boiled in an 
acid medium and the amount of dccinorraal potassium ‘permanganate 
solution which, boiled for 10 minutes in a strongly acid medium, is re- 
duced by 1 c.c. of cerebrospinal fluid, is called the permanganate reduc- 
tion index. Normal fluids usually give an index around 2.0--2.3 c.c. 
Fluids containing larger amounts of organic matter, the result usually of 
inflammation in the membranes, gi\e higher indices — ^up to and above 2.5. 

Hoffman and Schwartz classified the indices into 3 groups, as fol- 
lows; 

Low indices — ^below 2; 

Borderline indices — ^between 2 and 2.5; 

High indices — over 2.5. 

They found that all normal fluids or fluids from patients not present- 
ing inflammatory lesions of the brain or meninges give low indices. 
Brain tumors give a low index. The early stages of inflammatory 
processes give borderline indices,' as do also serous meningitis, en- 
cephalitis or hyperemia of the brain. High indices indicate inflamma- 
tion of the cerebrospinal tissue or the membranes. It was thought that 
the test was of specific corroborative value in the differential diagnosis 
of tuberculous meningitis and poliomyelitis, but this is probably not the 
case, although the test is of some value in the determination of an in- 
flammatory change in the central nervous system. The other protein 
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tests are probably of as muoh value and have the acivantajre of simplieitv. 

This test is performed as follows: First determine how in\udj N. id 
oxalic acid is necessary to reduce completely 10 c.e. of N, 10 potassium 
permanganate in the presence of sulfuric acid, as follows: 

10 c.c. N’/IO potassium permanganate; 

10 c.c. sulfuric acid dilution (1; :i II.O) ; 

50 c.c. distilled water. 


Then perform the test in the following manner : 


1 c.c. cerebrospinal fluid ; 
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50 c.c. distilled water. 
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cent, butyric acid in normal salt solution, and then 0.5 c.c. of a super*' 
saturated ammonium sulfate solution. The latter solution is allowed 
to flow gently down the side and under the contents of the tes^ tube. 
Set aside for about 20 minutes. An excess of globufin is indicated by 
a thick granular ring. The reaction can be made a quantitative one 
by adding graduated amounts of spinal fluid — froni 0.1-0.5 c.c. in 5 
tubes — adding salt solution to bring the total amount up to 0.5 c.c. and 
then proceeding with the test, as indicated. 

6. Method of Amos,^J ^ — A suitable reagent for the globulin test in 
spinal fluid may be prepared by dissolving 3 grams of anhydrous potas- 
sium dihydrogen phosphate in 100 c.c. of distilled water and adding 
0.05 c.c. of glacial acetic acid. In making the test, 0.2 c.c. of the spinal 
fluid and 0.6 c.c. of the reagent are mixed in a small agglutination tube 
and placed in boiling water for six minutes. This test is slightly less 
delicate than the Noguchi test, but offers some advantages over the latter 
for field work. 

Tests for Albumoses. — L Method of Kafka . — 2 c.c. of cerebrospinal 
fluid are dialyzed against 10 c.c. of distilled water for 16 hours, at 30° 
0., using a dialyzing thimble (Schleicher and Schull) impervious to 
albumen. Then add 0.2 c.c. of a 1 per cent, ninhydrin solution to the 
dialysate. Boil for one minute, and allow to stsfnd one-half hour. A 
gray-blue, blue or violet color indicates the presence of a positive nin- 
hydrin reaction, wdiich speaks for acute meningitis. 

2. Method of Sicard . — Boil 5 to 6 c.c. of spinal fluid after saturating 
with Na 2 S 04 or NaCl, to coagulate proteids. Filter several times and 
add to the filtrate, crystals of NII^Cl from a supersaturated watery solu- 
tion. If albumoses are present an opalescence appears around the crys- 
tals, which disappears partly on heating, to re-appear on cooling. 

Potassium Permanganate Reduction Test. — This is a test devised by 
Mayerhofer for the detection of organic substances in the spinal fluid. 
Normal spinal fluid reduces potassium permanganate when boiled in an 
acid medium and the amount of deciiiormal potassium permanganate 
solution which, boiled for 10 minutes in a strongly acid medium, is re- 
duced by 1 c.c. of cerebrospinal fluid, is called the permanganate reduc- 
tion index. Normal fluids usually give an index around 2.0-2.3 c.c. 
Fluids containing larger amounts of organic matter, the result usually of 
inflammation in the membranes, give higher indices — up to and above 2.5. 

Hoffman and Schwartz classified the indices into 3 groups, as fol- 
lows : 

Low indices — below 2; 

Borderline indices — ^between 2 and 2.5; 

High indice.s — over 2.5. 

They found that all normal fluids or fluids from patients not present- 
ing inflammatory lesions of the brain or meninges give low indices. 
Brain tumors give a low index. The early stages of inflammatory 
processes give borderline indices, as do also serous meningitis, en- 
cephalitis or hyperemia of the brain. High indices indicate infl^amma- 
tion of the cerebrospinal tissue or the membranes. It was thought that 
the test was of specific corroborative value in the differential diagnosis 
of tuberculous meningitis and poliomyelitis, but this is probably not the 
case, although the test is of some value in the determination of an in- 
flammatory change in the central nervous system. The other protein 
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tests are probably of as much value and have the advantage of simplicity. 

This test is performed as follows: First determine how much N/10 
oxalic acid is necessary to reduce completely 10 c,c. of N/10 potassium 
permanganate in the presence of sulfuric acid, as follows : 

10 c.c. N/10 potassium permanganate; 

10 c.c. sulfuric acid dilution (1:3 IIjO) ; 

50 c.c. distilled water. 

Then perform the test in the following manner: 

1 c.c. cerebrospinal fluid ; 

10 c.c. diluted sulfuric acid ; 

50 c.c. distilled water. 

Boil gently for 10 minutes and add 

10 c.c. N/10 potassium permanganate. 

Then add amount of oxalic acid determined above. 

Again add N/10 potash permanganate from buret until faint 
pink color appears. 

The reading in cubic centimeters gives the reduction index. The 
modification of Boverf^® is performed with 1 c.c. of spinal fluid, blood 
free, and 1 c.c. of potassium permanganate (0.1-1000 c.c.). The fluid 
from undoubted cases of meningitis of various types turns this solution 
a bright yellow immediately. Fluids from mild cases of meningeal irri- 
tation take from 2-3 minutes to decolorize. liubenstone found the 
test not of specific but of corroborative value in differentiating between 
nqrmal and abnormal fluids. 

Tiests for Chlorides. — Chlorides are precipitated as insoluble silver 
chloride, using as an indicator potassium chromate, forming red silver 
chromate. 

To make silver solution, dissolve 5.814 grams of pure AgNO^ in a titre 
of distilled water. Keep the solution in a dark bottle. In the test, mix 
2 c.c. of spinal fluid with 15 c.c. of distilled water. Add one drop 10 per 
cent, potassium chromate solution. Run the silver nitrate solution from 
a buret stirring constantly. The end point is reached when the color 
changes to orange-yellow. Each c.c. of solution used indicates one gram 
of chloride per 1,000 c.c. or 100 mg. per 100 c.c. 

Lactic Acid Test. — Add to 6 drops of a standardized TJffelmann’s 
reagent (5 per cent. FcCl^ — 1 part; 1 per cent, phenol — 5 parts) spinal 
fluid, drop by drop, until the color changes to yellow. 

1 to 3 drops indicate a marked reaction -4- + 

3 to 6 drops indicate a moderate reaction + 

6 to 10 drops indicate a weak reaction ±: 

Tests for Reducing Substance (Glucose). — The ordinary Fehling's 
reagent is used in this test. A drop or two of Fehling^s copper solu- 
tion and of Fehling^s alkaline solution and a few drops of water are 
first heated to boiling point, to determine the freedom of the reagent 
from reducing substance. Then an equal amount of the cerebrospinal 
fluid to be tested is added. If small quantities of reagent are used, no 
more than 0.5 c.c. of spinal fluid is required for the test. The presence 
of sugar is indicated by the red brick-dust precipitate of cupric oxide. 
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Instead of Fehling’s solution, Benedict's sugar reagent may be used. 
The sugar test is of corroborative value only. Its significance has been 
considered in detail elsewhere. 

Test for Other Constituents. — ^Acetone, diacetib and oxybutyric 
acid may appear in the cerebrospinal fluid under the same conditions, 
causing the appearance of these substances iu the bfood and the urine, 
and may be of diagnostic value in obscure cases of coma. The tests are 
applied similarly to those for the detection of these bodies in other fluids. 

Gytological Examination of the Cerebrospinal Fluid. — ^Under nor- 
mal conditions the cerebrospinal fluid contains very few cellular ele- 
ments — a few small lymphocytes which, when viewed under the micro- 
scope, have a very small amount of protoplasm encircling the compara- 
tively large, round or oval nucleus, an occasional large lymphocyte 
and rarely an endothelial cell, usually with an irregular or tailed body. 
With exact quantitative methods of examination of the cellular content 
of the fluid, by means of the Fuchs-Rosenthal or Thoma-Zeiss chamber, 
the normal range of cells is variously estimated as from one or two up 
to eight or ten. In the writer's experience any number greater than 
five, six or seven should be looked upon with suspicion, while ten cells 
or over are to be considered pathological. The novice in examination 
of the cerebrospinal fluid should learn to differeiftiate between lympho- 
cytes present in puncture fluid and red blood cells which may be pres- 
ent even in apparently absolutely clear specimens. For the purpose of 
aiding in differentiation a diluting fluid containing acetic acid and the 
high power objective of the microscope should be used. 

There are two methods of cytological examination of the cerebro- 
spinal fluid. The first is that of the French and was outlined by tjae 
pioneers in the field of cytological diagnosis, Sicard and Widal, ^card 
and Ravaut,®^ and Ravaut.®^ The fluid is centrifuged, the cells thrown 
down and the sediment examined under the microscope. In this way 
it can be determined by experience whether the cells are increased, and 
to what extent. This method is obviously inferior for quantitative read- 
ings to the more exact one of spreading out a definite quantity of fluid 
on a ruled platform, using either a specially designed chamber, the 
Fuchs-Rosenthal chamber or the ordinary blood-counting chamber of 
Thoma-Zeiss. 

In speaking of cytological counts throughout this article, the writer 
refers to the number of cells to each cubic millimeter as determined by 
the use of the Fuchs-Rosenthal chamber. This is a ruled platform 16 
mm. square and 0.2 mm. deep, ruled into 16 large squares, each sub- 
divided into 16 smaller squares and holds 3.2 c. mm. of fluid between the 
ruled platform and the superimposed cover-slip. The spinal fluid should 
be examined as soon after withdrawal as possible. In the writer's labora- 
tory it is a practice to examine fluids within an hour or two after punc- 
ture. If allowed to stand, the fluid should be thoroughly shaken before 
counting the cells. The fluid should be free from blood, and for this 
purpose the collection at the time of the puncture should be made into 
two or three tubes, so that if there is a small amount of blood in the 
first, the last tube may be clear. If definitely bloody, however, the fluid 
is not suitable for cytological examination. 

The following diluting fluid is of value in bringing out more clearly 
the nuclei of lymphocytes and laking the occasional erythrocyte present 
in the cerebrospinal fluid : 
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Methyl violet, 1.0 gram ; 

Glacial acetic acid, 2.5 c.c. ; 

Distilled water, 100.0 c.c. 

This is drawn up to the 1.0 mark in an ordinary white blood-cell pipet 
and the fluid for ettamination is then sucked up to the 11 mark, thor- 
oughly shaken, a few drops expelled, and a drop placed on the celU 
counting chamber platform and the cover-glass slid over into place. All 
the lymphocytes are counted within the outside triple-ruled line, i.e., 
the entire ruled field. To obtain the number of cells in a cubic milli- 
meter, multiply the number of cells counted by 11 and divided by 32, 
If the Thoma-Zeiss chamber is used, the entire field of 400 small squares 
is counted and the result multiplied by 100 and divided by 11. On 
account of the small size of the field, the use of this chamber is not 
nearly as satisfactory as the preceding one. 

In order to determine the relative percentage of various cells in the 
cerebrospinal fluid, a small amount is centrifuged, a drop of the sedi- 
ment spread out on a glass slide, dried in the air, fixed with methyl or 
absolute alcohol and stained with Giemsa or Wright stain or with methyl 
green-pyronine solution (3 parts method green saturated solution, 1.1 
parts of pyronine saturated solution). The cells are then differentiated 
under oil immersion power. 

For a more careful examination of the morphology of the cells of 
the fluid and especially for the determination of plasma cells, the fol- 
lowing method, adopted from Alzheimer,*^ is of service : 

About 10 c.c. of fluid are collected in 5 c.c. of 95 per cent, alcohol 
and centrifuged for one hour. The alcohol is poured off and replaced 
by* absolute alcohol for 30 minutes, ether alcohol 30 minutes and ether 
30 minutes. This is then embedded in celloidin and cut, then stained 
with Unna-Pappenheim for a few minutes, and gently warmed until 
fluid steams. Finally, it is treated with water, 95 per cent, alcohol, and 
embedded in balsam. 

The various types of cells can thus be differentiated. Plasma cells 
are somewhat larger than lymphocytes; the nuclei stain intensely and, 
the chromatin markings are also intense. The protoplasm of the cell is 
finely granular and reddish. These cells are found more frequently and 
in large numbers in dementia paralytica but have also been demonstrated 
in acute inflammatory lesions of the membranes and in syphilis of the 
brain and cord other than general paresis. In connection with the early 
diagnosis of general paresis and its differentiation from other similar 
clinical conditions, further light on the significance and relative frequency 
of plasma-cells in the fluid is desirable. 

Significance of Pleocytosis. — In inflammatory lesions of the mem- 
branes the number of cells present in the fluid is increased (pleocytosis 
— Nonne), and the degree of increase is in proportion to the intensity 
of the. inflammation. In pyogenic inflammations, as in the various 
meningitides or in abscess of the brain which has ruptured in the vicinity 
of the ventricles or subarachnoid space, the fluid may be frankly turbid, 
while in milder types of inflammation the cells may be only moderately 
increased with a clear or slightly turbid fluid, as in cases of tuberculous 
meningitis, poliomyelitis and certain syphilitic nervous manifestations. 
As a rule, in intense inflammatory lesions and at times in the begin- 
‘‘ning of certain conditions where the meningeal response is milder — ^like 
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tuberculous meningitis and poliomyelitis — ^the polynuelears predominate, 
while in the less intense inflammations of the meninges and the more 
chronic lesions of the membranes, including the various syphilitic diseases 
of the central nervous system, the lymphocytic varieties predominate 
as they do also after the first week or so in acute poliomyelitis. Irritch 
tive lesions of the membranes give rise to the appearance of lymphocytes 
in the fluid in proportion, as a rule, to the intensity of the meningeal 
insult, though rarely to the degree manifested in the true exudative 
processes. Occasionally pleocytosis may occur in sympathy with lesions 
contiguous to the membranes without actual inflammation in the cover- 
ings of the brain and cord. This type of meningitis sympathica has 
been considered in detail under a separate heading. In herpes zoster the 
lymphocytes are increased in number, often 50 or more to the cubic mil- 
limeter being found. As a rule, the pleocytosis runs hand in hand with 
the increase of globulin (phase 1), though there are a number of excep- 
tions which are best considered under the various cerebral and spinal 
diseases, to be briefly discussed later. 

Bacteriological Examination of the Cerebrospinal Fluid. — It is of 
the utmost importance to the clinician to have, at the earliest possible 
moment following the appearance of symptoms suspicious of an infec- 
tion of the meninges, an accurate examination of* the cerebrospinal fluid 
to determine, first, whether infection exists and, second, the type of 
organism responsible for the infection. In view of the efficacy of intra- 
spinal injections of antimeningococcus serum, the puncture should be 
done early and the clinician should be prepared to administer the serum 
at the same time. If the fluid is turbid, spreads may be made at once 
and the meningococcus looked for at the bedside, or, at any rate, where 
a strong suspicion exists of the presence of a meningococcus meningitis, 
the serum should be administered pending the outcome of the tests. 

For the details of technic of bacteriological examination of the cere- 
brospinal fluid, the reader is referred to appropriate works on the sub- 
ject. Suffice it to mention that where an inflammatory lesion of the 
meninges is suspected and if a bacteriological study of the fluid is to be 
carried out, especially if spreads of the sediment prove negative for 
bacteria, the puncture must be done under the strictest rules of asepsis 
and the fluid obtained in sterile test tubes. In the first of two or three 
test tubes one or one and one-half c.c. of fluid are gathered for inocula- 
tion on the appropriate culture media; for spreads to determine the 
presence of bacteria by use of the Gram stain ; for staining for tubercle 
bacilli, especially if the latter test proves negative ; and for sugar tests. 
In the second test tube 2-3 c.c. are obtained for quantitative cytological 
and differential count and for the Wassermann test and colloidal gold 
test. Into a third test tube 1-2 c.c. may be taken, especially if the 
first two contain even the slightest trace of blood and to provide for a 
surplus in case of repetition or accident to one of the other tubes or for 
animal inoculation. 

The following organisms have been found in cerebrospinal fluid either 
as primary invaders of the meninges or secondary infections from a 
primary focus elsewhere in the body — Diplococcus intracellularis menin- 
gitidis, tubercle bacillus, pneumococcus, Friedlander^s bacillus, influenza 
bacillus, streptococcus, Staphylococcus albus and aureus, and colon bacil- 
lus. Treponema pallidum has been found in the cerebrospinal fluid by 
means of the dark field microscope, cultures and inoculations into rab- 
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bits' testes by Noguchi,®* Nichols and Hough ®® and others. Trypano- 
somes have been described by Bruce ®® and by Castellani,®’^ Cysticercus 
celluloses by Hartman,®® actinomyces by Sicard ®° and trichinae by Van 
Cott and Lintz.®® ^ Organisms have also been found in typhoid and typhus 
fevers, plague, anthrax, blastomycosis and Malta fever. 

Examination 'of the Cerebrospinal Fluid for Tubercle Bacilli. — 
A somewhat larger quantity of fluid should be taken for examination 
for tubercle bacilli, say 5-10 c.c. The fluid is usually clear, and on stand- 
ing a few hours a fine fibrin net usually appears. The fluid is centrifuged 
at highest speed in a conical centrifuge tube for at least 15 minutes — 
better, 30 minutes — and all but two or three drops of the fluid decanted 
off. These last few drops are placed on a slide, together with the fibrin 
net. The slide or cover-slip containing the sediment is placed in an 
incubator at 37® C. until dried and then stained for tubercle bacilli 
as follows : 

Fix by passing through flame quickly three times. 

Add carbol fuchsin and heat gently until steaming for 5 min- 
utes. 

Pour off stain and decolorize with 20 per cent. UNO 3 for 5 
minutes. 

Wash with alcohol until clear. Wash with tap water. 

Counter-stain with 1 per cent, aqueous solution methylene blue. 

A careful and prolonged search is usually necessary to detect the organ- 
isms, A specimen should not be called negative until the slide has 
been examined for at least 2-3 hours. By this technic, Bernstein has 
been able to detect tubercle bacilli in more than 95 per cent, of his cases. 

Serology of the Cerebrospinal Fluid. — The Wassermann Reaction. 
— The most important serological examination to which the spinal fluid 
is subjected is the Wassermann test. The details of the technic of this 
procedure cannot be given here on account of lack of space, and for 
them the reader is referred to special works on the subject. The reaction 
is carried out in a similar manner and with all the necessary controls 
and safeguards utilized in the Wassermann test of the blood, with the 
following exceptions: The spinal fluid is used without inactivation and 
in larger amounts than can be utilized for examination of the blood 
without interfering with the specificity of the reaction. In routine 
spinal fluid Wassermann examinations the fluid is tested in amounts 
ranging from 0.1 c.c. to 1.0 c.c. (modification of Hauptmann and 
Hoesli®^), being a distinct improvement over the original technic of 
Wassermann ®® and of Plant,®® who introduced the reaction in 1906 and 
used 0.2 c.c. as a maximum quantity. The spinal fluid under ordinary 
conditions is rarely possessed of anticomplementary or auto-inhibitory 
factors, and the use of 1.0 or even 2.0 c.c. as a maximum — as is the prac- 
tice of certain serologists — results in clear-cut reactions. Indeed, owing 
to these factors, the results of the spinal fluid Wassermann test are 
rarely * 'suspicious" or "inconclusive," but can be read in terms of 
complete or partial inhibition in any quantity .from 0.1 to 1 c.c. used 
in the test. The writer in routine cases uses five tubes, the amounts of 
spinal fluid ranging from 0.05 to 0.5 c.c., and since all the proportions 
of the regular Wassermann system are reduced by half in his method, 
the readings are equivalent to 0.1 to 1 c.c. in the regular system. 
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Specificity of the Wassebmann Reaction in the Cerebbospinaij 
Fluid, — It is beyond the scope of this article to go into a consideration 
of the specificity of the Wassermann reaction. Suffice it to say that for 
all practical purposes and with the exception of diseftses of the tuber- 
culous variety, like leprosy, and of frambesia (yaws), easily distinguish- 
able here from syphilis on clinical grounds, the presence of a positive 
Wassermann reaction in the spinal fluid means syphilis of the nervous 
system. On theoretical grounds it is possible to assume that under 
certain conditions, possibly in early syphilis more particularly, coin- 
cident with the general spread of the virus, there is an alteration of the 
histologic structure of the choroid gland, permitting the passage into 
the cerebrospinal fluid of the so-called syphilitic antibody or reacting 
substance from the blood without an actual lesion referable to the nervous 
tissue. But it seems more likely in these circumstances— especially in 
view of the prevalence in as high as 80 per cent, of these cases of a 
pleocytosis and globulin increase — that we are dealing with an active 
syphilitic involvement of the neuraxis or only of its membranes with 
the appearance of the positive reaction in the fluid. The fact that cer- 
tain cases with positive reactions showed no anatomical change on au- 
topsy is not conclusive evidence of the absence of the disease. A small 
focus of disease sufficient to give a positive reaction*might easily be over- 
looked on gross postmortem examination and even after a cursory micro- 
scopic study. The appearance of definite clinical manifestations of 
involvement of the nervous system in so many cases of primary and 
secondary lues makes this view the more likely one. 

Recently in a case of early secondary lues with the chancre still pres- 
ent, the writer found all the reactions in the spinal fluid, including the 
Wassermann reaction in 0.1 c.c. positive, and clinical examination re- 
vealed involvement of the optic and the acoustic nerves. And so it 
seems advisable from a practical standpoint to look upon the positive 
Wassermann in the spinal fluid as an evidence of involvement of the 
nervous system, especially if the fluid is positive even in the smallest 
quantity (0.1 c.c.) used in the test. It follows as a matter of course 
that in eases where there is a definite involvement of the central nervous 
system, ‘‘antibody^’ formation occurs there with the appearance of the 
bodies in the fluid causing a fixation of complement and a positive 
Wassermann reaction, and very possibly there is also an augmentation 
by filtration through the choroid plexus. The possibility exists, where 
a positive reaction is found when using only 1 or 2 c.c. of fluid, which 
disappears soon after lumbar puncture or intraspinal therapy, that the 
reaction may be due to secretion by the choroid plexus of reagin from 
the blood with the appearance of a positive reaction. This is rather 
improbable, however, in view of the physiological facts stated earlier 
in the article which tend to show that the spinal fluid is rapidly se- 
creted and may be re-absorbed back into the blood within, say, three 
hours. The subject will be discussed further under syphilis of the 
nervous system. 

Hemolysin Reaction — Hemolytic Antibodies. — In a consideration 
of the physiology of the cerebrospinal fluid, it was pointed out that 
under normal conditions the choroid plexus is impermeable to a variety 
of immune substances, but that, under certain conditions existing in dis- 
ease, antibodies make their way past the barrier of the plexus and ap- 
pear in the fluid. Attempts have been made to utilize this phenomenon 
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in differential diagnosis. For example, hemolytic antibodies are present 
in the fluid in 85 per cent, of general paretics but they also appear with 
almost equal frequency in marked inflammatory lesions of the membrane 
in other* conditioiis. Weil and Kafka describe a test for the detection 
of this hemolysin. Its presence, in the absence of active inflammation 
of the meninges, fs suggestive of general paresis, but, on the whole, the 
test has not proved of much value in diagnosis. 

Complement-fixing Bodies, etc. — Complements, precipitins and ag- 
glutinins may also appear in the fluid in certain disease conditions, but 
their detection is not of clinical value. * 

Precipitin Reaction of Vincent and Bellot. — ^Vincent and Bellot 
described a test for the detection of the antigenic substances or precipitin 
in the cerebrospinal fluid of patients with epidemic cerebrospinal menin- 
gitis. to the spinal fluid a few drops of antimeningococcus serum are 
added and the mixture incubated for a few hours. After allowing the* 
tubes to stand for 8-15 hours, a precipitate indicates the presence in the 
fluid of precipitating substance for meningococci and is proof of the 
presence of meningococcus meningitis. Together with Heiman, the 
author made some studies along these lines, with inconclusive results. 

Bruck's Nitric Acid Reaction in Syphilis. — Bruck,^=^® in 1917, de- 
scribed a test based on the observation that the precipitate in the serum 
of a syphilitic individual, after the addition of nitric acid, does not 
dissolve as readily as the precipitate formed in the serum of a non- 
syphilitic. In 200 tests Bruck got similar results with this reaction 
to those obtained with the Wassermann test. Three tests positive with 
the Wassermann reaction gave negative Bruck 's tests, while 2 negative 
Wassermann tests were positive with the nitric acid test. Of 200 non- 
syphilitic sera all but 4 were negative, and those 4 were from febrile 
cases. 

Stillians,^*** in 209 cases, found that in more than 25 per cent, of 
the cases the test disagreed with the Wassermann reaction and that in 
24 per cent, the reaction was nonspecific. In 100 cases Toyama and 
Kolmer found that both tests agreed in 70 per cent., being positive in 
62 per cent, and negative in 8 per cent. In 23 sera the Was.sermann 
reaction was negative, the Bruck test positive. Eight of these were 
negative for syphilis clinically and gave no history of the disease. 
Thus the reaction was nonspecific in 8 per cent, of the cases. Of 15 
cases with a negative Wassermann reaction but frankly specific (15 
per cent.), the Bruck test was positive. Of 6 frankly positive specific 
sera in which the Wassermann reaction was positive, the Bruck test 
was negative. Toyama and Kolmer applied this test to the spinal fluid 
for the first time. Thus it seems that the test is — on account of the 
large percentage of nonspecific results — of doubtful value as a diagnostic 
test, although further work is necessary, especially in the testing of non- 
specific sera, to define its actual worth. 

Technic . — Only clear serum can be used. Opalescent' or turbid sera 
cannot be used. 

Add 0.5 c.c. serum to 2 c.c. distilled water (or 2 c.c. spinal 
fluid). 

Mix gently to avoid frothing. Add 0.3 c.c. 25 per cent, dilu- 
tion of chemically pure nitric acid (100 c.c. HNO3 + 225 c.c. 
distilled H2O). Mix gently and stand aside at room tempera- 
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ture for exactly 10 minutes. While adding the acid the tube 
should be gently shaken to avoid a precipitate in normal serum. 
The exact time limit must be carried out. 

To the white precipitate add 1.6 c.c. distilled water, putting 
the finger over the tube, and invert gently a few times, but pre- 
vent frothing. Wait ten minutes and again invert 3 times. Read 
result after allowing test to stand at room temperature for 30 
minutes. 

With normal serum the precipitate is supposed to dissolve 
completely or there may be faint opalescence, but with syphilitic 
sera small flakes appear which do not dissolve. 

Colloidal Gold Test. — This test is based on the experiments of Zsig- 
mondy in the use of solutions of colloidal gold for protein esthnation. 
Lange applied the method to the cerebrospinal fluid and found that, 
contrary to the results of Zsigmondy (who found that proteins protected 
colloidal solutions up to a certain point), the proteins of the spinal fluid, 
especially in general paresis, tabes and other syphilitic conditions, pre- 
cipitated the colloidal gold. 

Solutions of colloidal gold are very sensitive to the coagulating action 
of electrolytes. There is a physicochemical reaction in which the elec- 
trolyte becomes dissociated into positive and negative ions ; there is inter- 
action with the finely dispersed colloidal particles which usually carry 
a negative charge with the formation of neutral aggregates. Conditions 
are then favorable for the action of the precipitating forces of surface 
tension. Ultimately precipitation occurs when the aggregates become 
large enough to fill the bottom of the tube, and complete decolorization 
occurs. * 

Lange found that normal spinal fluids diluted with 0.4 per cent, 
sodium chloride solution caused no change in properly prepared solutions 
of colloidal gold. Abnormal fluids containing a large protein content 
cause either partial or complete precipitation of colloidal gold solution 
with resulting color changes, occurring in curves more or less specific 
for certain diseases, especially syphilis. However, the exact nature of 
the test is still unknown. Lange looked upon various reactions as indi- 
cating different protein mixtures, and Zaloziecki thought the colloidal 
gold test was an immunity reaction, while others look upon it as a purely 
physical phenomenon in the nature of an electrical reaction. Eskuchen 
believes that the colloidal gold reaction is of value even when all other 
spinal fluid tests are negative and suggests the term *‘5th reaction” (in 
addition to Nonne’s four reactions) for it. He believes it is more sensi- 
tive and specific than any of these. This seems to be the opinion of 
many laboratory workers, which the writer cannot subscribe to at pres- 
ent, but it is agreed that, owing to the great difficulty of preparing the 
reagent, the test has not had the wide application that this favorable 
opinion warrants. Undoubtedly the great need is for a standard, in- 
variable and simple method of preparation, for beyond this the test offers 
little difficulty in its performance. 

Methods of preparation are numerous, and at times good solutions 
are obtained with all^ of them, and then again all are equally unsatis- 
factory. In the various details of preparation of colloidal gold the 
reader is referred to the work of Miller and Levy,^®® Miller, Brush, 
Hammers and Felton ^®^ and Black, Rosenberg and McBride.^®* 
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The writer has recently been successful with the following technic: 

For every 100 c.c. of triply distilled water add 1 c.c. of a 1 per cent, 
solution of gold chloride and 0.7 c.c. of a 2 per cent, solution of sodium 
carbonate. These ^ may be added at low temperature and the mixture 
may then be heated rapidly with a triple Bunsen burner to 90® C. At 
this point 1 c.c. of S 1 per cent, solution of formaldehyde should be added, 
while stirring vigorously with the thermometer. If the first signs of 
change in the colorless fluid do not appear in a few minutes, formalde- 
hyde, drop by drop, may be added until reduction occurs, stopping the 
addition of formaldehyde the moment the reddish color begins to appear. 
If the color does not become a deep salmon red, a few drops more of for- 
maldehyde may be added while the solution is boiling. It is essential 
before performing the test to be sure that the solution of colloidal gold 
fulfills all the conditions imposed by Miller and Levy, viz. : 

1. The solution must be transparent and of brilliant red-orange 

or salmon-red color. 

2. 5 c.c. must be completely precipitated by 1.7 c.c. of 1 per cent. 

solution of sodium chloride within one hour. 

3. The solution must be neutral in reaction on the day used. 

4. The solution' must give a typical curve with a paretic fluid. 

5. The solution must give more than a No. 1 reaction with a 

normal fluid. 

The test is carried out as follows : 

Eleven test tubes arc placed in a row in a test tube rack. 

Into the first put 1.8 c.c. of a 0.4 per cent, sodium chloride solution 
freshly prepared. 

Into the other ten put 1 c.c. of a 0.4 per cent, solution chloride 
solution freshly prepared. 

Into the first tube put 0.2 c.c. blood-free, clear spinal fluid to be 
tested. 

From the first tube, after mixing thoroughly, transfer 1 c.c. to 
the second tube. Mix and transfer from this second tube 1 
c.c. to the third. 

Proceed up to the tenth tube. Discard the 1 c.c., instead of adding 
it to the 11th tube, which is the control, and to which no spinal 
fluid is added. This gives a dilution of spinal fluid of 1 : 10 
in the first tube ; 1 : 20 in the second ; and so on up to 1 : 5120 
for the 10th tube. 

To each of the 11 tubes add 5 c.c. of colloidal gold solution. 

Read after standing at room temperature from 12-18 hours. 

Interpretation of the Colloidal Gold Reaction. — ^A chart can be 
arranged, similar to the one illustrated (Fig. 12), for the plotting of a 
curve, to represent the type of reaction present. The changes in color 
occur all the way from complete decolorization down to slight or no 
change from the original port or salmon red. Various conditions give 
different degrees of reactions, but the most typical are graphically repre- 
sented on the accompanying chart. Normal fluids give no decolorization 
or, at most, a slight red-bluish tint. General paresis gives practically 
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Into the 1st tube put 0.25 c.c. of the 0.01% saline solution. 
Into the 2d tube put 0.50 c.c. of the 0.01% saline solution. 
Into the 3d tube put 1.50 c.c. of the 0.01% saline solution. 
Into the 4th to 16th tubes put 1.0 c.c. of th^ 0.01% saline solu- 
tion. 

To the 1st tube add 0.75 c.c. of spinal fluid to be tested. 

To the 2d and 3d tubes add 0.5 c.c. of spinal fluid to be tested. 

Mix and take 1 c.c. from the 3d tube and add to 4th, and so on to the 
15th tube. Add none to the control, or 16th, tube. 

Add to all 16 tubes 1 c.c. of the colloidal benzoin solution, and shake. 
Read after 6-12 hours at room temperature. 

Complete precipitation with clear upper fluid is called “degree 2,” 
while partial precipitation with opalescent supernatant fluid is “degree 
1.’’ No precipitation is “degree 0.’’ 
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Normal fluids may give precipitation in tubes 6-7-8, but not in the 
first 5 tubes. The reaction in the first 5 tubes is similar to that in the 
colloidal gold test. 

There are other forms of colloidal reactions, namely, the Colloidal 
Gamboge Reaction of Riddel and Stewart^®® using a solution of gamboge 
resin in alcohol; the Berlin Bine Reaction of Kirchberg using a 1 per 
cent, solution of Berlin blue ; the Collargol Reaction of Ellinger and 
Kriiskemper using a 1 per cent, colloidal argentum (Heyden) ; and 
Kafka’s Colloidal Paraffin Reaction using a colloidal suspension of 
pure white paraffin. 

The author has had experience only with the colloidal gold test, which 
he has found eminently satisfactory, and has seen no reason to multiply 
the number of colloidal tests by the adoption of any of the above. 

Cockrill, in a comparison of 400 gold chloride, benzoin and mastic 
tests, found only 16 dissimilar reactions in all three tests, and found the 
tests of approximately equal worth. She found the benzoin test simple 
of preparation, and used it preferentially on this account except in 
cases of meningitis and multiple sclerosis, where the colloidal gold test 
is preferable. 
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0BRBBB08PINAL FLUID IN SYPHILIS OP THE NERVOUS 

SYSTEM 

In the late pHmary or early secondary stage of syphilis, coincident 
with the dissemination of the spirochete throughout the body, the Was- 
sermann reaction in the blood becomes positive. At this time examina- 
tion of the spinal fluid in a large percentage of cases studied shows 
changes in the cell count and globulin reaction indicative of irritation 
of the meninges. Ravaut,^®® Altmann and Dreyfuss found in from 
70 to 80 per cent, of secondary cases an increase in the globulin con- 
tent and in the cytologic count above the normal of five to seven 
cells to the cubic millimeter. In a small percentage of cases in this 
period a positive Wassermann reaction in the spinal fluid was found, 
and in most of these patients there were already definite clinical signs 
of changes in the nervous system. The Wassermann reaction occurring 
at this time is unquestionably positive proof of involvement of the 
nervous system by the syphilitic infection. Dennie and Smith in 
30 cases of primary syphilis found only 4 cases with mild findings in 
the spinal fluid (four cells — a trace of globulin). These the writer 
would consider negative. In none was the fluid positive to the Wasser- 
mann test. In 40 cdses of early secondary lues (roseola present) 8 (20 
per cent.) gave positive reactions in the spinal fluid, but one-half of these 
gave two plus reactions and in the other four 1 c.c. or more of fluid were 
used; 18 (45 per cent.) gave entirely negative cerebrospinal fluid; 14 
(35 per cent.) had mild findings (few cells — mild globulin reaction). 
In cases of late secondary lues (under 2 years^ duration) with condy- 
Jomata lata (in 85 per cent.) or annular eruptions, the spinal fluid was 
positive in 60 per cent. The clinical evidence was in accordance with 
these findings ; most of the patients complained of headache, had dilated, 
sluggish pupils, and gave other evidence of meningeal involvement. It 
is questionable to the writer, however, whether the presence of the posi- 
tive globulin reaction and increased cell count alone at this time, in 
the absence of definite objective or subjective nervous symptoms, con- 
stitutes eo ipso absolute evidence of nervous tissue change other per- 
haps than a superficial and evanescent meningeal irritation. It is certain 
that in the majority of these early cases showing spinal fluid changes 
(pleocytosis, globulin increase) the reaction in the fluid subsequently 
becomes normal either spontaneously or after treatment. In Dreyfuss ’s 
series the reactions persisted in about 12 per cent, of the patients, which 
corresponds closely to the number of syphilitics who subsequently de- 
velop definite involvement of the neuraxis. In the writer’s opinion the 
presence of increased pressure in the spinal fluid in these cases is of 
doubtful diagnostic significance, owing to the great difficulty of accu- 
rately measuring the fluid tension and on account of extreme variations 
due to extraneous factors, such as the position of the patient, the depth 
of inspiratory efforts, the size of the needle used for puncture, and its 
position in the subarachnoid space. 

Thus while it is apparent that in early syphilis — active or latent — 
the only evidence of the presence of spirochetes or their toxins in the 
nervous system may be found in the biological response in the fluid, it 
is still a moot question whether the pleocytosis and globulin increase 
are transient or the forerunners of one of the forms of syphilis of the 
nervous system. In a number of cases a persistent positive blood Was- 
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sermaiin has led to the discovery of a positive Wassermann in the spin^ 
fluid, increased cells and globulin, without c^jective or sujjjeetive symp- 
toms of neurosyphilitic involvement. These facts doubtless point out the 
necessity for continued observation and biological examination of pa- 
tients presenting such changes, and for the prolongation of the period 
of treatment within reasonable limits, until they are eradicated. This is 
especially desirable in patients in whom the Wassermann reaction in the 
blood persists for a considerable period of time after the cessation of 
treatment and in latent or tertiary cases in which treatment has been 
neglected. In all these cases lumbar puncture should be done. 

Significance of Pathologic Cerebrospinal Fluid in Late S3rpliili8. — 
The initial and early secondary periods having elapsed, the patient 
enters the late secondary and early latent periods, and from this time 
throughout the later years following the luetic infection the occurrence 
of a pathologic spinal fluid is of great significance and always indicative 
of nervous tissue change. The biological response is in the nature of 
a positive Wassermann reaction (quantities of fluid used in the test 
0.1 c.c.-l.O C.C.), increase in the number of cells (usually lymphocytes) 
(five to seven cells to the cubic centimeter — normal), and an increase 
in the globulin reaction of the fluid (as ascertained by the Noguchi 
butyric acid or other test). 

In lesions of the nervous system of the interstitial type (meningo- 
vascular) cerebrospinal lues, the Wassermann test of the spinal fluid 
is positive in from 20 to 80 per cent., depending upon the type and 
chronicity of the lesion and the amount of treatment received. In the 
pure cerebral types (Head ^®®) all the reactions, including the Wasser- 
mann, may be negative in nearly all the cases. In the endarteritic types 
of cerebrospinal lues likewise all the reactions are frequently negative! 
In the meningomyelitic and meningo-encephalitic types, on the other 
hand, the reactions are all usually positive. The Wassermann reaction 
is present in the smallest quantities used, the cells are increased, fre- 
quently over a hundred to the cubic centimeter, occasionally a thou- 
sand or more, and the globulin is markedly increased (one to two plus). 
In these cases the pleocytosis and globulin reaction are in direct pro- 
portion to the severity of the meningeal inflammation. 

In tabes dorsalis the spinal fluid is positive at some stage of the 
disease, and especially early in the disease. The Wassermann reaction 
is positive in from 70 to 80 per cent, of all cases, the globulin reaction 
is usually positive, and the cells are moderately increased, rarely being 
more than a hundred or two to the cubic millimeter. High cell counts 
— indicative of a marked meningeal inflammation — are uncommon in 
true tabes, and should arouse a suspicion of pseudotabes or of beginning 
paresis. In the late degenerative types of the disease all the reactions 
may be and frequently are negative. 

In Erb^s spastic paraplegia the reactions are apt to be positive early 
in the course of the disease, but it is the writer’s experience that there 
is a decided tendency toward a rapid subsidence of all the reactions, 
even without much treatment. 

The biological reactions in general paresis are almost always posi- 
tive, both in the spinal fluid and in the blood. The Wassermann reac- 
tion in the fluid is positive in the lowest quantities used in the test (0.1 
C.C.), the cells are increased to a moderate degree, usually not over a 
hundred to the cubic millimeter, and the globulin is also increased. The 



SYPHILIS QP THE NERVOUS SYSTEM 529 


colloidal gold solution reaction gives the so-called paretic curve, which 
is regarded as» Characteristic* of general paresis, but which is also occa- 
sionally given by^ other specific and nonspecific nervous conditions, as 
in tabes and cerebrospinal lues without any signs of intellectual de- 
terioration and occasionally multiple sclerosis. So constant are the above 
biological phenomena in general paresis that in their absence the diag- 
nosis should be looked upon as unproved unless the subjective and 
objective symptoms are absolutely conclusive. The few exceptions are 
found in. late degenerative stages of paresis and taboparesis and in the 
occasional juvenile types, the result of hereditary syphilis. 

Clinical Value of Biological Reactions.— Having considered the oc- 
currence of the various biological reactions in the types of syphilitic 
nervous disease commonly met in practice, a discussion of the value of 
these reactions in determining the course and prognosis of the disease 
is essential. The writer is of the opinion that with the rarest exception a 
positive Wassermann reaction in the blood means the presence of active 
or latent constitutional syphilis and that a positive Wassermann reaction 
in the spinal fluid is likewise evidence of an involvement of the nervous 
system by the syphilitic virus.’* A negative reaction in the fluid, how- 
ever, is not conclusive proof of the absence of nervous involvement nor 
is a change of the reaction from a positive to a negative one absolute 
proof of the subsidence Or cure of a once existent lesion. In support 
of the former statement we need only point out the numerous cases of 
endarteritis of the brain and cord vessels due to syphilis — in which fre- 
quently the reactions (Wassermann, cytology and globulin) are all nega- 
tive in the fluid (and occasionally the Wassermann reaction in the 
blood also) — and mention the cases of spastic paraplegia and even occa- 
sionally tabes and dementia paralytica with negative reactions. Nervous 
involvement due to congenital syphilis also frequently gives a negative 
reaction, especially if the nervous involvement occurs late, say after pu- 
berty. The occurrence of syphilis of the nervous system of the vessel 
type in comparatively young individuals, often without marked pre- 
monitory symptoms of nervous involvement and with entirely negative 
biological reactions in 'the fluid, points out the great care necessary 
in using a negative fluid as a sign of good omen in prognosis. Lesions 
of this type cause marked destruction of nervous tissue and corre- 
spondingly great disturbance of function from which recovery is only 
too often impossible. Such cases may give a positive blood reaction, 
and in the event of a persistent blood reaction in a young or middle- 
aged individual, with or without some signs referable to the nervous 
system — as, for example, sluggish pupillary reactions, persistent head- 
aches, optic neuritis, together with evidence of general vascular or renal 
involvement — ^the possibility of cerebral vessel change must be borne in 
mind and proper treatment instituted. 

Although all the fluid reactions in cases of spastic paraplegia may 
be negative, yet the pathologic process may be progressive. The writer 
has seen a number of cases with marked symptoms referable to the 
nervous system, in some of which there was a previous history of 
syphilis but in which all the reactions, both in the blood and in the 
fluid, were negative, markedly improved by antisyphilitic treatmeht. 
In some isolated instances all the reactions may be negative, with the 
exception of the cytology, which may show an increase above the normal. 
In a few oases a cell count of five hundred or more lymphocytes to the 
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cubic millimeter was found and improvement, following intravenous 
therapy, was rapid. Cases of tabes dorsalis and especially tabetic optic 
atrophy not infrequently give entirely negative biological reactions in 
the fluid and in the blood, with occasionally a slight increase in the 
cells or in the globulin reaction, yet the symptoms of the disease may 
be marked and its course progressive. Therefore, *the statement of 
Fordyce,^®’" that with all the biological reactions negative in the spinal 
fluid there is assurance against a relapse in the disease, must be accepted 
with great reservation. In certain types of cerebrospinal lues, espe- 
cially of the interstitial or exudative type with superficial meningeal 
involvement, a progressive change in the fluid from positive to negative 
is a sign of good prognostic significance, if taken together with progres- 
sive clinical improvement of the patient. On the other hand, in cases 
of this kind where the biological reactions persist in spite of treatment, 
even though clinically there is marked improvement, especially in the 
subjective symptoms, the prognosis should be guarded and continued 
treatment advised. In a certain percentage of cases the Wassermann 
reaction in the blood persists with or without clinical evidence of in- 
volvement of the neuraxis and in these cases no amount of treatment 
may be successful in changing the reaction. These “Wassermann-fast'* 
cases cannot be treated constantly but should receive gradually decreas- 
ing periods of treatment over a number of years. 

Instances are not lacking in which the nervous disease has been ap- 
parently checked for a great many years in the presence of positive 
biological reactions, so that one cannot be dogmatic in stating that the 
persistence of positive biological tests in the blood and fluid is always 
of bad prognosis. Patients have been treated for a number of yeai;s 
intravenously without affecting the Wassermann test in the fluid; the 
cytology is usually gradually diminished to within normal limits and 
occasionally the globulin is also reduced to normal. Finally, after a 
number of withdrawals of spinal fluid (spinal drainage) the Wassermann 
reaction, after persisting for a long time as stated, may within a few 
weeks or months become entirely negative and remain negative for 
months, gradually relapsing, or may remain negative permanently. 

In cases of cerebrospinal syphilis the presence of an isolated symp- 
tom often brings up the question as to whether this is a sign of active 
disease or a residuum of a once existent infection. The stiff and irregu- 
lar pupil, the absent or diminished knee jerk or Achilles jerk, or a 
diplopia are examples. In these cases negative biological reactions and 
the absence of subjective symptoms are presumptive but not absolute 
evidence of a quiescent or cured process, while the presence of positive 
reactions in the fluid is contributory evidence of an active, though pos- 
sibly localized lesion. As regards the effect of treatment in general on 
the various biological reactions, it may be stated briefly that the cell count 
in the fluid is usually rapidly influenced by any form of persistent 
treatment. After one or two intravenous treatments a high cell count 
from an exudative meningeal process in cerebrospinal lues or pseudo- 
tabes may drop almost, if not quite, to normal. Occasionally frequent, 
lumbar puncture has the same effect. The cytologic count is subject to 
marked spontaneous fluctuations, as Newcomb, Mitchell and Darling 
have also shown, and even during treatment wide fluctuations may 
occur. The globulin reaction is less susceptible to change, although on 
the whole it follows the cell count fairly closely in its variations. The 
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Wassermann test in the fluid is most constant in its presence and less 
easily influenced by treatment of any kind than either of the above 
reactions. In cerebrospinal lues it is most easily affected, and in certain 
types disappears Spontaneously or after treatment with the cessation of 
the exudative meningitic lesion. In tabes it may be most persistent 
during the activity of the disease, despite intensive treatment, and may 
persist up to the very end, or with the onset of marked degenerative 
lesions the reaction may become negative. Spontaneous fluctuations in 
the strength of the spinal fluid Wassermann within amounts varying 
from 0.1 c.c. to 1 c.c. occasionally occur but are uncommon. The per- 
sistence of a positive Wassermann in the fluid in the presence of a paretic 
curve (gold solution) has been interpreted by some syphilologists as a 
sign of the eventual development of general paresis, but the writer is 
not inclined to subscribe to this view at present. 

In general paresis, treatment may cause diminution in the cell count 
or globulin reaction, but the Wassermann test is rarely influenced. It 
rarely even fluctuates but is usually positive in all dilutions, and the 
paretic curve persists, despite treatment. In late degenerative types of 
the disease the fluid may gradually become normal; or if treatment is 
being administered it may be attributed to this fact. This fallacy must 
be borne in mind in ‘'estimating the value of any forms of treatment in 
this as well as in other types of syphilitic nervous involvement. 

RELATION OF SECRETION AND ABSORPTION OF THE CERE- 
BROSPINAL FLUID TO INTRASPINAL THERAPY 

> It has been asserted repeatedly in support of the rationale of the 
intraspinal route in the treatment of syphilis of the central nervous 
system, that salvarsan cannot pass the barrier of the choroid plexus 
to reach the spinal fluid or the nervous tissue when injected intra- 
venously; hence the direct introduction of the drug into the spinal fluid. 
The assumption that the spinal fluid is the lymph of the brain and cord 
is based on the dictum of Mott and Lewandowsky.^^® According to 
Dixon and Ilalliburtoil,® the spinal fluid is not an exudation from the 
blood stream and cannot be considered homologous to the body lymph. 
Its richness in carbon dioxide is evidence of its excretory function. It 
is a perfect physiologic medium and its function is protective, acting like 
a cushion or buffer between the brain and cord and the surrounding bony 
canal and brain vault, tending to equalize the pressure in the cerebro- 
spinal cavity. A consideration of the secretion and absorption of the fluid 
makes it clear that substances introduced into the spinal fluid are very 
rapidly absorbed into the blood stream. 

It is agreed by most investigators that the return of the spinal fluid, 
by way of the so-called pericapillary and perineuronal lymph spaces 
or sheaths, is a very insignificant one. In fact, the use of the term 
perivascular or perineuronal lymph space is more or less fanciful in 
that it suggests that these spaces contain lymph. In the opinion of 
Weed these sheaths do not contain lymph, and it is questionable if they 
serve to carry nutrition to the tissues. They do, however, carry waste 
matter from the nervous tissue into the spinal fluid, and the direction 
of the flow, be it noted, is away from the tissues toward the spinal fluid, 
rather than from the surface toward the cortex or subcortical region. 
This conception of the perineuronal lymph sheaths is to be borne in 
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would seem to lie in the discovery of a treponemicidal remedy as readily 
soluble as the above dyes and able to reach the innermost depths of the 
nervous tissue in sufficient concentration to act effectnally without acting 
in a toxic manner. 

LUMBAR AND CISTERNAL PUNCTURE AS THERAPEUTIC 
PROCEDURES 

Lumbar and cisternal punctures are pf definite value in the ameliora- 
tion of the subjective and objective symptoms due to increased intra- 
cranial pressure — headache, vomiting, choked disks, etc. It can hardly 
be claimed that these procedures by themselves are curative, although, 
under certain circumstances, the removal of fluid and the coincidental 
reduction of intracranial pressure promptly cause the complete disap- 
pearance of painful symptoms referable to the nervous system and a 
marked improvement in the patient’s general condition. Where intra- 
cranial pressure is of such degree as to cause an edema of the optic papil- 
lae, the procedures may succeed in temporarily averting blindness, thus 
allowing time for the institution of decompressive procedures designed to 
lower intracranial pressure permanently. 

In acMte meningitis of microhic origin, theVe is always increased 
pressure and the products of bacterial growth and of tissue autolysis 
accumulate in the fluid, due to diminished absorptive power coincident 
with increased pressure. The removal of spinal fluid with a reduction 
of the pressure to normal permits of a removal of these factors, a re- 
establishment, if only temporarily, of normal secretion and absorption, 
and is usually accompanied by a betterment of the clinical condit^n. 
In epidemic cerebrospinal meningitis and in tetanus, the puncture and 
withdrawal of fluid should be accompanied by the injection of the ap- 
propriate antiserum, and the procedure should be repeated as often 
as the symptoms indicate and in accordance with experience gained 
in the treatment of this disease. It is a question in the writer’s 
mind as to how much benefit is derived from the use of the anti- 
serum intraspinally and to what extent the withdrawal of fluid and 
the irritative effect of the serum (usually a foreign protein) on the 
permeability of the choroid plexus and the secreting mechanism are 
responsible for the beneficial effects observed in meningitis. That ulti- 
mately systemic antibody formation occurs with a transference of cura- 
tive antibodies from the blood into the tissue of the central nervous 
system and into the cerebrospinal fluid (aided by the increased permea- 
bility of the choroid gland) with a coincidental improvement of the 
patient’s condition, seems beyond question, in view of what has been 
proven by the experiments of Flexner and Amoss,** described above. 

In purulent meningitis — ^primary or secondary — due to the action of 
pyogenic organisms of virulent type (streptococcus, staphylococcus, 
Bacillus mucosus capsulatus, pneumococcus and influenza bacillus, etc.), 
lumbar puncture is of symptomatic value only and should be Repeated 
as indicated. If, as a result of adhesions, fluid can not be obtained 
by spinal puncture, it should be removed by inserting the needle 
into the cisterna magna. Medication via the cistern route can also be 
attempted. The use of normal saline and of antiseptic solutions, such 
as 1 p^ cent, lysol, weak oxycyanide of mercury solutions, etc, as well 
as suit^^ autisera, has been advised, and occasionally cure is effected. 
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In tuberculous meningitis repeated lumbar puncture with a withdrawal 
of 30-60 c.c. of fluid or a reduction of the pressure to normal is of decided 
value in overcoming the symptoms of meningeal involvement, and in 
clearing up drowjiiness and, occasionally, coma. Lavage with saline and 
antiseptic solutions and the use of tuberculin injections are of doubtful 
value. Although the prognosis in this type of disease is grave and 
recovery rare, yet a number of reports of cure have been published, so 
that in any given case the repeated withdrawal of fluid should be prac- 
ticed, if only to ameliorate the symptoms and prolong the course of the 
disease with a hope — if only a forlorn hope — of ultimate recovery. 

In serous meningitis (meningism), especially of chronic alcoholism, 
in chronic nephritis with or without uremia and in acute infectious 
diseases like typhoid and pneumonia, withdrawal of fluid is sometimes 
of decided therapeutic value if pressure is increased, and one or two 
punctures may suffice to clear up cerebral symptoms. Its value in 
epilepsy, tinnitus, vertigo due to labyrinthine involvement, neuralgias, 
chorea major, torticollis, herpes zoster, lead poisoning and chlorosis has 
been affirmed, but is more or less doubtful, though it may be tried if 
subjective symptoms are marked. 

In hydrocephalus lumbar puncture has been known to cure the con- 
dition, but as a rule' its effect is palliative. Unless the factor causing 
hypersecretion can be controlled, the disease cannot be cured. The re- 
moval of, say, 30 to 60 or more c.c. of fluid at stated intervals, by its 
effect on pressure and absorption, may serve to keep the patient in a 
comfortable condition and prevent undue hindrance to brain exhaus- 
tion in babies. Where the communication between the ventricles and 
the subarachnoid space is not free, callosal puncture or other operative 
procedures are to be preferred since lumbar puncture has no effect on 
the condition. 

In hemorrhage of the hrain from trauma, intracranial pressure may 
be excessive and the careful withdrawal of fluid is indicated, the pres- 
sure being lowered gradually to within, say, 30 to 60 mm. of water of 
normal limits, provided symptoms of intracranial pressure exist. After 
the acute symptoms of an apoplectiform attack have subsided, a care- 
fully performed lumbar puncture may be not only of diagnostic but 
also of therapeutic value, especially in the presence of symptoms of in- 
creased pressure. The sudden lowering of pressure in patients with 
diseased cerebral vessels is to be avoided. In hemorrhage of the spinal 
cord due to trauma tlie procedure is of value especially in the presence 
of symptoms of cord compression. In all the above conditions puncture 
should be done only after due consideration of all the facts in the case 
and provided there is a definite indication for the procedure. 

Tumors of the hxain are usually accompanied by high intracranial 
pressure; and measures for the relief of the symptoms as well as to 
avert the progress of choked disk, which rapidly proceeds to complete 
blindness, must be speedily carried out. Pending the performance of 
a cranial decompression, a very carefully performed lumbar puncture 
with gradual reduction of fluid not quite to normal limits is indicated. 
As was mentioned before and will bear repetition, the suspicion of or 
presence of tumor in the posterior fossa adjacent to the pons or medulla, 
calls for the greatest care in the performance of the puncture. A 
manometer should be used and the stylet of the needle must be with- 
drawn slowly. The patient pulse and respiration shpuld be carefully 
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watched and the first signs of respiratory embarrassment or headache 
should call for an immediate cessation of the puncture and, if necessary, 
the institution of artificial respiration and other necessary measures* 

In syphilis of the nervous system the withdrawal} of cerebrospinal 
fluid is of decided symptomatic value, especially where intracranial pres- 
sure is increased. Persistent headache and vomiting 'and even drowsi- 
ness and impending coma as a result of increased tension are frequently 
rapidly cleared up in a remarkable manner. The procedure may be 
repeated as indicated. In papillitis, with impending blindness from in- 
tracranial gumma, the indications for withdrawal of fluid, cisternal punc- 
ture and cranial decompression are the same as in tumor cerebri. In 
a series of independent studies, as yet unpublished, the writer and 
Kuttner confirmed the work of Barbat,^^’’* who states that after intra- 
venous injections of arsphenamine arsenic is found in the spinal fluid 
within twenty-four hours and in most cases shortly after intravenous 
injection. He believes that the reduction of intraspinal pressure by 
withdrawal of large amounts of spinal fluid (30-60 c.c.) increases the 
permeability of the meninges by the causation of a congestion, the dilated 
capillaries permitting the passage of their contents with greater freedom. 

Kaliski and Strauss believe that in certain cases of syphilis of 
the nervous system the repeated injection of arsplfenamine followed by 
withdrawal of cerebrospinal fluid in large quantity is of decided thera- 
peutic value. 

THE MENINGITIBES: DESCRIPTION AND DIFFERENTIATION 

In the various clinical forms of inflammation of the meninges there 
is usually involvement of the pia mater and arachnoid, and the cere- 
brospinal fluid is cloudy, turbid or frankly purulent. The various or- 
ganisms giving rise to the inflammatory processes were enumerated under 
the heading Bacteriology of the Cerebrospinal Fluid in this section. 
Meningitis has been described in the following conditions, or the specific 
organisms of these diseases have been found in the affected fluid : tuber- 
culosis, meningitis, pneumococcal pneumonia, streptococcus and staphy- 
lococcus infections, influenza, typhoid fever, plague, anthrax, blastomy- 
cosis, mumps, typhus fever, Malta fever, trichinosis. 

The degree of change in the spinal fluid is in direct proportion to the 
intensity of the inflammation and to the extent of involvement of the 
membranes. In rare instances of localized inflammatory processes and 
in ventricular inflammation without communication with the subarach- 
noid space from closure of the foramina of Magendie and Luschka, the 
fluid obtained by puncture in the lumbar region may be quite clear and 
normal. In the vast majority of cases of inflammation of the menin- 
ges due to the pyogenic bacteria, the fluid is turbid or purulent, due 
to the outpouring of polymorphonuclear cells; there is a definite in- 
crease in the protein content of the fluid ; pressure is increased, chlorides 
are diminished progressively, and the carbohydrate tests show the ab- 
sence of sugar. Organisms may be demonstrated in spreads of the fluid 
gained appropriately, or by culture. Occasionally it is not possible dur- 
ing life to demonstrate organisms in spreads or in culture, even after 
prolonged examinations. The causes of purulent meningitis are merely 
mentioned to indicate the value of an examination of the fluid in differ- 
ential diagi|,osis. They are general sepsis, diphtheria, scarlet fever, 
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in^mation, influenza, erysipelas, otitic disease, ab- 
seessec^ ostMmyelitis ; in rare instances tuberculous meningitis may be 

“d the ontccme 0 / the 
exammation of thje fluid must be considered in conjunction with the 

SrL laboratory tests are to have their fullest 

causes are not uncommon in these conditions. Injury 
of the oram or cord may be followed by direct infection of the meninges, 
or the mtter may be secondarily infected. Cerebrospinal meningitis due 
to the diplococcus of Weichselbaum or meningococcus is considered else- 
where. Otitic meningitis a most common form of septic involvement,* 
and in otitis media and its train of sequelae — ^mastoiditis, sinus throm- 
bosis, dural abscess and abscess of the brain— the state of the fluid, 
whether clear, turbid or frankly purulent, and the absence or pres- 
ence of organisms are of the greatest importance in diagnosis and prog- 
nosis. A frankly purulent fluid with organisms speaks for a diffuse 
septic meningitis, with subarachnoidal or subdural abscess or ruptured 
abscess of the brain; a turbid fluid without organisms brings up the 
question of meningitis sympathica, while a clear fluid points to the ab- 
sence of acute meningeal inflammatory involvement. With evidence of 
mastoid disease and a tjlear fluid, and a positive blood culture, the pres- 
ence of sinus thrombosis is almost certain. If meningeal symptoms are 
present they can be explained by the presence of meningeal irritation, 
especially if there is an increase in the lymphocytic elements in the fluid. 
Where the fluid has been positive for organisms and the symptoms pro- 
gress but the organisms disappear from the spinal fluid, the possibility of 
clqsure of the formina of Magendie and Luschka must be borne in mind. 

In serous meningitis there is a definite hypersecretion of fluid. This 
is commonly seen in the wet brain of alcoholics, in uremic cases and in 
sunstroke. The fluid is usually normal, occasionally showing a slight 
increase in lymphocytes. In the meningism of infectious diseases — espe- 
cially pneumonia and occasionally in typhoid fever — the fluid is of the 
same character unless there is a direct inflammatory lesion of the menin- 
ges, in which event the fluid is purulent. 

In the more chronic forms of meningeal inflammation, notably in 
syphilitic involvement of the meninges^ the process is much less intense, 
hyperplastic or exudative, and the fluid is usually clear or at most 
faintly clouded. There is a tendency in the more chronic conditions 
for the lymphocytic elements to predominate in the fluid. This is true 
also of tuberculous meningitis where the degree of clouding is in pro- 
portion to the number of cells present in the fluid. Frequently the fluid 
is quite clear with just a few flakes of fibrin, in which the tubercle bacilli 
can be demonstrated. In a few instances the polymorphonuclear cells 
predominate during the early days of a tuberculous meningitis, but 
usually give way eventually to the characteristic mononuclear cell. The 
changes in the fluid in syphilis have been considered in detail in another 
part of this article. Slight changes in the fluid characteristic of chronic 
inflammatory processes are occasionally described as occurring^ in senile 
dementia, chronic lead poisoning and chronic pachymeningitis, but in ' 
the writer’s experience the fluids in these conditions fail to show anything 
worthy of note. Bxcepting for a marked increase in pressure and hy- 
persecretion, there is no definite change in the spinal fluid of chronic 
himlar meningitis. 
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Meningitis Sympathica. — Meningitis sympathica is a condition de* 
scribed by Plant, Rehm and Schottmueller in which, in response to a 
process contiguous to the membranes but not actually involving them, 
there is a definite change in the cerebrospinal fluid Tjith marked symp- 
toms of meningitis. The fluid is found to be increased In pressure, globu- 
lin is increased, and there is a definite clouding or tdrbidity due to the 
presence in the fluid of polymorphonuclear cells or, less frequently, of 
l 3 '’mphocytes. In this condition the fluid is invariably sterile, no or- 
ganisms being found either in spreads or on culture. 

Differentiation from Other Forms of Meningitis, etc. — It must 
be differentiated from meningitis aseptica, so-called, which is a true in- 
flammatory process from other than bacterial causes, involving the 
membranes, while in meningitis sympathica there is a diapedesis of cells 
through the pia arachnoid without demonstrable changes in the mem- 
branes. A true meningitis aseptica can be produced by the intraspinal 
injection of foreign sera, medicaments or by the injections of saline 
solution or of air. Meningitis sympathica clinically and biologically 
simulates a meningitis, but pathologically is not a meningitis. If we 
accept the explanation of the escape of the meninges in this condition we 
must to a great extent alter our views, first promulgated by the French 
school of Sicard, Ravaut and others, that lymphocytic pleocytosis is to be 
looked upon as an evidence of meningeal irritation, while polynucleosis is 
evidence of a true inflammatory process, especially if there is in meningi- 
tis sympathica a turbid fluid from marked outpouring of cells. Quincke 
looked upon cases of meningeal irritation without anatomical evidence 
of inflammation of the meninges as a result of chemical toxins acting 
directly on the central nervous system. Nissl believed that a circupa- 
scribed inflammation could occur without changes in the cerebrospinal 
fluid, provided the overlying arachnoid was not involved. According 
to Nissl, in the hyperplastic form of meningitis without cellular ex- 
udate, no cellular changes are observed in the fluid, but where a cell 
increase is observed in the fluid prolonged search usually reveals changes 
of an exudative character in the meninges. Voisin more recently has 
shown that in the early stages of a true meningitis there is acute menin- 
geal congestion with the production of what has been termed a serous 
meningitis. The pressure of the fluid is increased but there is no in- 
crease in protein until later, when bacterial invasion has commenced. 
The fluid is under great pressure, becomes turbid, protein becomes in- 
creased and, finally, bacteria are found in the fluid. Before the fluid 
becomes infected, chlorides and glucose are not materially diminished 
and form valuable differential points. Now meningitis sympathica 
clearly differs from this so-called serous or edematous meningitis or from 
the early stage of acute meningitis, not only in its course but in the 
conditions giving rise to it. It might be well to reserve the term menin- 
gitis aseptica to cases caused by mechanical irritation of the meninges, 
using the term serous meningitis for the secondary ephemeral conditions 
with congestion or edema of the pia arachnoid, arising in the course of 
infectious diseases, and in uremia and alcoholism in which the fluid is 
not changed in character. In the differentiation of meningitis sym- 
pathies and meningitis aseptica as generally accepted — ^as Strauss**® 
pointed out — ^the presence or absence of an inflammatory focus in the 
cranium will often determine which type we are dealing with. 

One of the most frequent causes of meningitis sympathica is brain 
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abscess following middle ear disease with or without mastoid or sinus 
complications, or intracranial abscess from any cause. Ruprecht reports 
the autopsy findings of a case of abscess of the temporal lobe without 
meningitis in which the spinal fluid was sterile and cloudy. The condi- 
tion may occur W a result of inflammation of the accessory sinuses, 
sphenoidal cells, fethmoidal cells, etc. In a case of orbital cellulitis fol- 
lowing trauma, cited by Strauss, frontal lobe abscess was suspected, 
the spinal fluid was sterile and turbid, and the abscess was found at 
autopsy, although the surgeon at operation failed to locate it. In some 
cases the condition may be a forerunner of a true inflammatory menin- 
gitis with bacterial invasion, but it is doubtful if this condition is a 
healed stage of a bacterial inflammation of the membranes. In a certain 
number of cases meningitis sympathica was present without any clinical 
symptoms of meningeal involvement ; i.e., the fluid was turbid and sterile 
and under increased pressure, hence the advisability of performing lum- 
bar puncture in the conditions enumerated above, which may be accom- 
panied by intracranial suppuration. In mastoid disease or sinus throm- 
bosis the persistence of the cloudy fluid under pressure without organ- 
isms proves that the suppurative focus is in the epidural region con- 
tiguous to the membranes, and has probably not been evacuated by the 
operative procedure nindertakcn. If the fluid early is cloudy and later 
becomes frankly purulent, with or without the presence of organisms, 
it is likely that the pus has ruptured into the ventricles or into the sub- 
arachnoid space. In one such case Strauss found Gram-positive organ- 
isms in spreads, but these did not grow in culture and at autopsy a 
ruptured abscess cavity was found. 

Instances of meningitis with sterile spinal fluid are not rare. My- 
gind has reported such cases, which were confirmed at autopsy. In 
other cases the organisms are found late in the disease or only in the ven- 
tricular fluid. In such old cases there is apt to be a greater amount 
of pus in the fluid and the cells have undergone autolytic changes 
with the appearance of vacuoles and the disappearance of granules, but 
the polymorphonuclear cells persist; while in late stages of meningitis 
sympathica the changes in the cells are not so marked, and eventually 
lymphocytes may replace the polymorphonuclears. 

Cerebral syphilis is differentiated by the outcome of the Wasser- 
mann tests and by the efficacy of antispecific treatment. Tuberculous 
meningitis offers more difficulties of differential diagnosis unless there 
is a known focus of inflammation present, e.g., in the ear. But in 
tuberculous meningitis the fluid is usually less turbid, more often con- 
tains lymphocytes; and tubercle bacilli, if found, clinch the diagnosis. 
Except during epidemics and until localizing signs appear, differential 
diagnosis from poliomyelitis and encephalitis will be difficult, especially 
in abortive cases of the former. The presence of a known focus of sup- 
puration in meningitis sympathica and the course of the case in polio- 
myelitis and encephalitis will eventually make the diagnosis. After hem- 
orrhage, when most of the blood has been absorbed, a few lymphocytes 
may remain and offer slight difficulty in diagnosis, but the persistent 
tinge of yellow in the fluid is significant. In brain tumor adjacent to 
the membranes, focal symptoms must be relied upon for diagnosis. 

Acute Anterior Poliomyelitis. — ^The spinal fluid shows distinct 
changes in the early stages of acute anterior poliomyelitis. It is already 
changed during the first week, containing an increased number of cells ; 
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the pressure may be moderately or greatly increased; and) on standing^ 
a fine, web-like clot may form* If the cells are greatly increased the 
fluid, instead of being clear, shows a ** ground-class'* clouding. Usually 
there is a moderate increase in cells, up to 100 or 200,! but occasionally 
600 to 1,000 or more to the cubic millimeter may be found. The pre- 
dominating type of cell is the lymphocyte, but frequehtly in the early 
days, especially in the preparalytic stage, polymorphonucleps may pre*» 
dominate to the extent of 80 per cent, or more. Occasionally large 
phagocytic cells with vacuoles are to be seen. According to Peabody, 
Draper and Dochez,^^® the highest cell count is obtained in the early 
stage of the disease, with a gradual falling off as the disease progresses. 
The globulin is usually slightly increased during the first week, gradually 
increases in amount during the second and third weeks, and may persist 
long after the acute symptoms have passed away. Out of 69 cases studied 
by these authors only two cases showed normal fluids throughout. 

Bacteriologically the fluid may be said to be negative. Organisms 
have been described in the fluid by Rosenow and others, but as yet 
these findings have not been accepted as final evidence of the etiological 
relationship between the bacteria found and acute poliomyelitis. Chem- 
ically, aside from the slight increase in globulin, the fluid shows no 
change from the normal. Complement-fixing bodies have not been dem- 
onstrated in the fluid of these cases, although studies have been made 
both on human and animal serum by Romer and Joseph,^"® Gay and 
Lucas,^®® Wollstein,^®^ Kaliski and Strauss, and others. The results of 
Neustadter and Banzhaf,^^^ in the opinion of the writer, are not con- 
clusive of the presence of such bodies. 

Early diagnosis, especially before the appearance of paralytic signs, 
is facilitated during epidemics by the finding of a clear or slightly turbid 
fluid with a marked increase in cells, polymorphonuclears predominating 
before the appearance of paralysis, and a slight increase in globulin ; or 
by the finding of a moderate increase of cells, with a lymphocytic preva- 
lence and a slight or moderate increase in globulin. These cases — 
especially of the abortive type or in the preparalytic stage — ^must be 
differentiated from tuberculous meningitis, in which there is much less 
frequently an increase in polymorphonuclears and in which tubercle 
bacilli can usually be found, and from other types of meningitis. The 
differential diagnosis from meningitis sympathica has already been men- 
tioned. From^ encephalitis, especially the type known as encephalitis 
lethargica, poliomyelitis can be differentiated, not on any definite dif- 
ferences in the fluid — for the fluids may be alike — ^but on the preva- 
lence of paralyses of the ocular muscles and involvement of the base 
of the^ brain, especially the cranial nerves, combined with the marked 
drowsiness. It is not always easy to differentiate anterior poliomyelitis 
in the adult from meningomyelitis of syphilitic origin. In a case of this 
type seen by the writer the paralysis occurring during an epidemic was . 
almost typical of poliomyelitis, but the positive Wassermann in the fluid 
and in the blood, together with increased cell count and globulin, and 
the response to treatment left little doubt as to the true nature of the 
infection. 

Trichinosis. — The Trichina spiralis has been foilnd in the cerebro- 
spinal fluid by Van Cott and Lintz*® in a case that resulted fatally. 
Among other typical symptoms of the disease, mar^d nervous symp- 
toms sugges^iye of meningeal involvement were present, and trichina 
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were found in the fluid. ^ The fluid was under moderate pressure, con- 
tained a trace of albumin, and on standing showed a grayish white 
sediment. Fehling’s solution was not reduced. Microscopically lympho- 
cytes and actively imotile trichinsB, 1 mm. in length, were observed. No 
parasites could be ^ found in the blood but the muscles contained large 
numbers. According to these authors the nervous symptoms are due 
not only to the toxemia but to the mechanical pressure on the brain and 
cord by the trichinsB. Subsequently Lintz reported three additional 
cases. The trichinae were found actively motile in the fluid and kept 
their motility at room temperature for three days. 

THE CEREBROSPINAL FLUID IN NEUROLOGY AND 
PSYCHIATRY 

In the diagnosis and prognosis of disease of the central nervous 
system, the examination of the cerebrospinal fluid has perhaps its field 
of widest application and greatest utility. The modern neurologist is 
dependent upon the facts elicited by such an examination in the vast 
majority of patients who present themselves to him, in order to supple- 
ment or substantiate the clinical diagnosis. The symptomatology of 
organic and functionjfl nervous involvement is so protean and the dif- 
ferential diagnosis between the organic and the functional often so 
difficult, even after prolonged observation, that scientific physicians are 
learning to call upon the laboratory more and more often for help. By 
means of a careful analysis of the data ascertainable by examination 
of the cerebrospinal fluid supplemented by the serological examination 
of, the blood, we are able to determine with a fair degree of certainty 
in many cases whether we are dealing with an organic or a functional 
disease, whether the organic disease is of an inflammatory nature, acute 
or chronic or neoplastic; and when the lesion is organic in nature, we 
can frequently determine the etiological factor, e.g., in syphilis, tuber- 
culosis, suppurative conditions, etc. New facts are constantly being 
added to the sum of our knowledge, and with increased clinical experi- 
ence the correlation of the subjective and objective factors and the data 
obtained by chemical, bacteriological, physiological, cytological and sero- 
biological examination are more accurately and readily applied in the 
scientific study of disease of the central nervous system. 

Syphilis is an extremely important factor in the etiology of dis- 
ease of the central nervous system and methods for its detection have 
been considered in detail under a separate heading (p. 527). It is super- 
fluous to emphasize again the importance of and necessity for examina- 
tion of the cerebrospinal fluid in the diagnosis, prognosis and treatment 
of the syphilitic diseases of the neuraxis. The syphilitic factor in ner- 
vous disease is so frequently present and the clinical picture so often mis- 
taken for a functional nervpus involvement or for an organic condition 
of nonspecific character, that it is wise to resort to serological examina- 
tion of the blood and cerebrospinal fluid when there is the least sus- 
picion of the possible presence of this disease. Indeed, in institutional 
practice, the collaboration of the laboratory should be invited in every 
new case admitted to the wards. It is necessary, at this point, to repeat 
the advisability of bearing in mind the fact that occasionally — ^if only 
exceptionaUy and rarely — ^the serological examination may be entirely 
negative, or perhaps but one factor in the complete serological scheme 
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may be present, e.^., an increased number of cells or increased globulin 
content, in the presence of syphilis. Therefore, instead of ruling out 
the presence of syphilis of the nervous system because of such negative 
findings, the clinician — if his suspicions are aroused |iy his study of the 
clinical picture of the case — is justified in resortii^ to antisyphilitic 
treatment in order to determine the influence of such a therapeutic 
measure in the course of the disease. Combined with this procedure 
the serological examination may again be undertaken to determine 
whether a provocative reaction either in the blood or possibly in the 
cerebrospinal fluid has been elicited. In any event it cannot too fre- 
quently be reiterated that a negative serological examination does not 
necessarily exclude syphilis. 

Under separate heading the acute and chronic inflammatory lesions 
of the neuraxis have been considered in detail. In passing to a con- 
sideration of the more chronic organic and functional nervous diseases, 
it may be stated that while the more acute lesions are apt to make their 
presence known by a certain degree of inflammatory reaction on the 
part of the membranes, with changes in the fluid which have already 
been described, this is not invariably the rule and occasionally a normal 
fluid is found under circumstances that lead the clinician to believe he 
is dealing with an acute condition. In certain o*f these cases the com- 
munication between the ventricle and the subarachnoid space is inter- 
rupted at the exit of the fluid from the 4th ventricle; in others, as in 
certain types of disease that show a predilection for the gray matter 
rather than the coverings, for example, acute polio-encephalitis and 
poliomyelitis, there is little, if any, meningeal change. 

So far as the cell count in the cerebrospinal fluid is concerned, tjie 
neurologist is aware of the fact that in the majority of cases of acute 
inflammation of the membranes the polynuclear cell predominates, while 
in the more subacute and chronic conditions the small lymphocyte is 
present in predominating percentages. To this there are exceptions, 
as, for example, in cases of tuberculous meningitis and in poliomyelitis ; 
while in the spirochetal diseases of the neuraxis the lymphocyte almost 
always predominates. 

In most chronic organic diseases of the nervous system of nonsyphilitic 
origin the cerebrospinal fluid shows little, if anything, of positive value 
from a diagnostic standpoint. The findings are of some value in a nega- 
tive sense. In lateral sclerosis, amyotrophic lateral sclerosis, combined 
sclerosis, the progressive muscular atrophies and the muscular dys- 
trophies, and in syringomyelia there are no characteristic findings in 
the fluid. Occasionally in multiple sclerosis the cells (lymphocytes) 
are increased slightly above the normal — rarely above 10-15 to the cubic 
millimeter — and where a larger number of cells is found, it is prudent 
to look for some etiological factor — ^possibly syphilis — or neoplasm to 
account for the pathological process for the clinical picture present. 
With the colloidal gold test the fluid of multiple sclerotics occasionally 
gives a curve quite similar to that obtained in the fluid of general 
paretics. The Wassermann reaction, both in the spinal fluid and in 
the blood, is negative, however, unless the sclerosis is of syphilitic 
origin. In a case of supposed multiple sclerosis with typical objective 
findings and clinically uhdistinguishable from multiple sclerosis, the 
findi^5ig of a positive blood and spinal fluid reaction led to the correct 
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diagnosis and antisyphilitic therapy was followed by marked improve- 
ment in the symptoms. 

In paralysis agitans, chorea and related syndromes the cerebrospinal 
fluid is negative. I In a series of more than .fifty choreic patients a posi- 
tive Wassermann was not obtained in a single instance, contrary to 
Milian. In the Various cerebellar syndromes the cerebrospinal fluid 
is normal unless hemorrhage is the cause of the condition, in which 
event the fluid may be bloody or tinged with blood or changed in color, 
as described under hemorrhage involving the cerebrum. In vascular 
disease of the brain there is, as a rule, a negative fluid. In arterio- 
sclerosis of the vessels of the brain and cord there is usually no change. 
In such conditions, if lumbar puncture is indicated, it should be done 
with the greatest care, the fluid being removed Very slowly, the manome- 
ter being utilized to prevent too marked or too sudden a drop in pres- 
sure. If the fluid under these conditions is under great pressure, it 
should be reduced, not to normal, but to within 50 or 60 mm. of the 
average normal point. 

Chronic organic involvement of the nervous system of nonsyphilitic 
origin seems to follow in the wake of the influenza scourge — a definite 
number of the cases, even where there is no clinical evidence of menin- 
gitic involvement, show an increase in cells (usually the small lymphocyte 
predominating), the number ranging from 10 to over 200 cells to the 
cubic millimeter. This disease is somewhat similar in its pathological 
picture to poliomyelitis and, like the latter, shows a change from the 
normal in the fluid only in cytology and less frequently in the increased 
globulin content. 

^ In hemorrhage of the brain from rupture of vessels due to trauma or 
apoplexy, bloody fluid is obtained if the hemorrhage occurs into the 
ventricle and if the foramen of Magendie and the foramina of Luschka 
are not blocked. This subject has been discussed in detail under the 
heading Xanthochromia. Lumbar puncture is rarely resorted to in the 
diagnosis of apoplectiform attacks and is a procedure to be undertaken 
with great circumspection and only when absolutely necessary to aid in 
diagnosis. In vascular lesions of the brain and cord due to trauma 
lumbar puncture is of decided diagnostic value. 

In abscess of the brain the cerebrospinal fluid may be entirely nor- 
mal. If, however, the abscess is contiguous to or involves the mem- 
branes or ruptures into the ventricles, the cerebrospinal fluid either 
contains a definite increase in the cellular elements or may be decidedly 
purulent. This subject is considered in greater detail under the head- 
ing Meningitis Sympathica. 

In tumors of the brain the fluid may be the seat of definite changes, 
although in many cases there is not the slightest change, except per- 
haps in the pressure. By interfering with absorption of the fluid, tu- 
mors may cause a marked rise in intracranial pressure with all the con- 
comitant symptoms of this condition, viz., choked disks, headache, 
vomiting, vertigo, etc. This is especially apt to be the case if the tumor 
is subtentorial and of sufficient size to cause pressure and secondary 
hydrocephalus. Frequently, however, the pressure is normal or only 
slightly increased in tumors of the brain. One rarely obtains changes 
in the cellular or protein content of the fluid. Oummata of the brain 
may cause the same mechanical conditions as other tumors and occa- 
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sionally produce, in addition, changes in the Wassermann cytology and 
globulin characteristic of syphilis. 

Tumors of the spinal cord frequently produce character^tic and 
diagnostic changes in the fluid which have been eoiuidered in detail 
under the heading Xanthochromia. There is an incifease in cells and 
globulin, a characteristic lemon-yellowish color and* occasionally the 
fluid coagulates spontaneously within a short time after withdrawal. 
The Nonne-Froin syndrome and the variations in the factors just de- 
scribed are also considered in greater detail under the above heading. 
Froin's syndrome is characteristic of lesions of the cauda equina and 
is occasionally the result of adhesive inflammatory lesions of the mem- 
branes in this region. In early eases a very heavy increase in globulin 
may be obtained without definite cell increase, and there may be little or 
no color change. This is more apt to be the case in extramedullary 
growths. 

True idiopathic epilepsy produces no fluid changes. Epilepsy may 
be caused by syphilis, in which case the fluid gives a positive Wasser- 
mann with increased cells and globulin and frequently a positive re- 
action in the blood. In adults the advent of epileptiform seizures should 
arouse a suspicion of general paresis, especially in the presence of posi- 
tive biological reactions. • 

In alcoholism the fluid may be under marked pressure, though 
changes in the fluid are infrequent. In the presence of a decided in- 
crease in cells and of globulin, with or without a positive Wassermann 
reaction, the suspicion of a luetic factor should be entertained. 

In postdiphiheritic paralysis the author has failed to find any de- 
parture from the normal, with the routine tests. Regan, in a re; 
view of the literature, states that the fluid in this condition is clear* 
under normal or moderately increased pressure, with rarely an increase 
in proteins, normal glucose figures, with normal cytology, the chlorides 
ranging from 7.1 to 7.9 grams per litre. The colloidal gold reaction 
shows little if any departure from the normal, and in none of the cases 
reported could either toxin or antitoxin be detected in appreciable 
quantity in the fluid. 

In the differential diagnosis between functional and organic nervous 
disease, lumbar puncture and the facts elicited by an examination of the 
fluid play an important role. In the diseases of the psychical system 
-—the neuroses, the psychoneuroses and the true psychoses — ^the fluid 
is normal. Recently, however, Mestrezat^*® found in a study of so- 
called shell-shock cases that 80 per cent, of the fluids gave an abnormal 
secretion and an increase in the protein content of the fluid. This con- 
dition of the fluid was found within two to three days of the onset of 
the shock and did not subside for weeks or months. In the opinion of 
M^trezat it testified to the organic nature of the disease. At least it 
points to a possible organic change in the secreting mechanism, if not to 
definite pathological change in the nervous tissue. 

Where changes are found in the fluid, especially if the clinical symp- 
toms are not well defined or characteristic, a suspicion of organic dis- 
ease must be entertained. Tt is well to bear in mind that in certain 
cerebral conditions of syphilitic origin, especially in cerebral endarteritis, 
one is apt to encounter entirely negative findings in the fluid and in 
the blood. But other clinical evidence of syphilis is rarely totally lack- 
ing to aid in the differential diagnosis between a functional condition 
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Of a neurosis or psychosis on a syphilitic basis. General paresis, unless 
it is in the late degenerative stages, rarely presents a negative blood 
and entirely normal fluid, so that such examinations are of great 
help in the diflereiltial diagnosis between certain types of dementia precox 
with marked mental deterioration and true paresis. Constitutional 
syphilis may be combined with a nonsyphilitic mental disease. A per- 
sistently negative cerebrospinal fluid in the absence of signs of nervous 
involvement, as, for example, in the pupillary and deep reflexes and 
changes in the fundi, should point to this conclusion. In doubtful cases 
the patient deserves the benefit of antisyphilitic treatment and a repeti- 
tion of the tests. 
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GENERAL CONSIDERATIONS 

A first-class history is a necessary prelude to a first-class diagnosis ; 
in some cases, indeed, a well-elaborated anamnesis practically establishes 
the diagnosis. The converse is equally true — a history, written hurriedly 
and aimlessly, composed of data not properly digested or analyzed, is 
not only valueless but often highly misleading. 

Case-taking is both an art and a science, and reflects to the very 
liighest degree the skill, judgment, tact and breadth of clinical experi- 
ence of the recorder, particularly the latter, we may say, as it is only 
on the basis of a fairly ripe experience that a really valuable case his- 
tory is possible. 

^ To the young physician just launched upon his clinical career this 
mdy sound discouraging. He may wonder how, with only the most 
meager bedside experience to support him, he can pretend to prepare a 
satisfactory medical history. Until recent years, indeed, such a ques- 
tion would have been fully justified, as the methods of teaching medi- 
cine formerly in vogue — and in too many schools at the present date — 
permitted the medical student but little personal and responsible con- 
tact with the patient. The result of these older methods was that, with 
but few exceptions — ^the brilliant clinicians and teachers who understood 
the indispensable aid offered by a properly written history, and who 
laid emphasis upon the principles of the subject — ^the student graduated 
with only an occasional hint relative to case-taking, in the dispensary or 
clinic, and too often with not even this hint. These men, as practi- 
tioners, were apt to disregard the value and importance of a history 
altogether and to make use of slipshod methods, to which reference will 
be made later. 

In the better schools this has, to a large extent, been changed. The 
patient is given to the student as a case, in his clinical years, and, by 
means of clinical clerkships in the dispensary and houptal and of small, 
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bedside clinics, he is expected to develop si diagnosis from beginning 
to end. It need not be said th«t prpper instruction presupposes a care- 
ful supeVvision, on the part of those in charge of such work, not only 
of the diagnostic routine, but also of the details of the anamnesis. 

In brief, it may be said without exaggeration that iihe character of 
a medical school may be gauged with a very fair degree of accuracy by 
the caliber of the histories written by its graduates; while, in the case 
of the man in practice, it is not difficult, on the basis of the kind 
of history he prepares, to estimate not only the character of his early 
training, but also the breadth of his subsequent clinical experience. 

The graduate of the higher type of medical school is, in still other 
Ways, better equipped from the outset to write a good case history, thus 
compensating to some extent for the experience and judgment that come 
only with years. We refer first to the fact that some schools include 
in their curricula didactic work on the preparation of medical histories 
— this being the subject, primarily, of this chapter — and, secondly, to 
the fact that in the more advanced colleges the student is so thoroughly 
grounded in pathology and pathologic complexes that he is in a position, 
as will appear in the following pages, to direct his questions to the 
patient in such a manner as best to develop the data essential to a diag- 
nosis. 

The well-trained physician— one who has had some grounding in 
the fundamentals of what constitutes an acceptable history, and who, 
under proper instruction, has had a fair opportunity of applying these 
fundamentals in actual clinical work for which he is held responsible—^ 
will not find it altogether difficult to separate the valuable from the 
worthless in case histories. This difference is by no means one of length, 
as so many seem to believe ; brevity, indeed, when combined with the 
faculty of searching out the important and of analyzing the same, ts one 
of the prime essentials of a good history. The uninstructive anamnesis 
is one the only merit of which is that it adheres to a set outline : symp- 
toms are jotted down and left hanging, as it were, without coherence and 
coordination in the fabric as a whole; invaluable diagnostic points are 
omitted, either because the questioner is too inexperienced to ask salient 
questions, or because one or more answers of the patient have caused 
him to pass premature judgment upon the case. 

^ history becomes increasingly valuable as it aids in the making of 
a diagnosis. It is true, as we shall see later, that a definite scheme is 
necessary in the routine of obtaining the patient ^s story; but, aside fi*om 
this guiding outline, each anamnesis should have its individual stamp. 
Just here lies the pernicious influence of the all too general habit of 
employing printed outlines in which a fixed space is allowed — determined 
to some extent by the printer and also by the. size of the card or sheet 
employed — for the recording of the several subdivisions of the history. 
A worth-while anamnesis, brief and to the point though it must be, can- 
not be cramped within set confines. In some cases, the complaint upon 
entrance may demand only a few lines and the recording of previous 
iUnesses half a page. How, then, can one do oneself or one’s patient jus- 
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Fio. 1 . — Card Illustrating a Poor Method of Be cording the Medical History and the Data of 

THE Examination. 

BeeoTds of tbis type are in very general use, but are praetieally worthless. 
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PiQ. 2 , — The Reverse Side op Figure 1. 
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tic6 when under the restrictions of printed forms such as are all too com- 
monly employed (Fig. 1) ? The chief justification for using them would 
seem to be that they are a sort of prop for the student or physician who 
has had no adeq&ate instruction in the writing of histories, and whose 
training has led ram to regard the patient as a case, not as an individual. 

While discussing the matter of stereotyped forms for the writing 
of the history proper, we may at this time conveniently call attention 
to a no less objectionable custom of employing “cut and dried outlines 
for the recording of the physical and laboratory examinations (Figs. 
1 and 2). The particular card chosen to illustrate this point, although 
possibly an exaggerated example, possesses the objections common to 
all such forms, first, that they arbitrarily limit expansion where expan- 
sion is necessary, and secondly — particularly in the ease of the more 
elaborate forms — that they suggest a routine for examination which is 
rarely called for in an average case. It is not necessary, for instance, 
when a patient from a malarial region presents himself with a history 
of regularly recurring chills, fever and sweats, to determine whether 
his auditory canal contains inspissated cerumen, or whether his 
sense of coordination is normal, in order to fill in the spaces devoted 
to these questions on some cards of this character. Occasionally, one 
encounters a case in which all of these minutiee must be observed; as a 
rule, however, the patient’s story, carefully analyzed, should serve as a 
guide to the course of the physical examination. (By way of contrast 
with Figs. 1 and 2, see Fig. 3.) 

' The author does not for an instant wish to give the impression that 
a thorough examination should not be made in every case, no matter what 
the complaint. What he does intend to convey is that the history sheet, 
in addition to points essential to every examination, should not con- 
tain a mass of irrelevant material such as would necessarily be embodied 
in a printed form applicable to all cases. It adds nothing to the find- 
ings in a clean-cut case of duodenal ulcer to have noted upon the sheet 
in the blank reserved for eye-muscles that the latter are normal. 

A complete, but not padded, history and examination are necessary 
in every case. It may also be noted that, although the major part of what 
is to be said here applies with especial emphasis to medical cases, it is 
true to a scarcely lesser degree that a full history and a thorough general 
examination are necessary in surgical, gynecologic, dermatologic and 
other conditions. There, is nothing truer in diagnosis than this: The 
average physician who prepares a careful history and makes a complete 
routine examination' will arrive at a greater number of correct diag- 
noses than will his more brilliant colleague who glides over the patient’s 
anamnesis, makes a snapshot diagnosis on the basis of the incomplete in- 
formation he has received, and directs his physical examination along 
the lines of his premature judgment. 

Accuracy is, of course, one of the prime essentials of a history which 
is of value, and a great many factors enter into consideration in this 
connection. In the first place, one must allow oneself sufficient time. 
To attempt to cut short the anamnesis, because one is busy, leads to two 
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things — a loss of the very necessary meditative aspect 6n the part of 
the physician, and a hindrance to the full play of the patient ^s memory. 
On the other hand, the voluble patient, once his peculiarities are under- 
stood and appreciated from the point of view of their (diagnostic signifi- 
cance, should, by tactful counterquestions, be interrujited in order that 
time should not be wasted. 

In the matter of accuracy, further, it is obvious that the examiner 
must be conversant with the language of the patient. Little difficulty 
will be encountered on this score in the average practice, for if a physician 
hangs out his shingle in a community where a foreign tongue prevails, it 
is almost a sine qua non to know that tongue. In the larger general hos- 
pitals, however, every known language is encountered at one time or an- 
other. The custom obtaining in certain institutions of preparing transla- 
tions into various tongues of the commoner c^^tions essential to the 
obtaining of a history is not a wholly commendable one, in that the ques- 
tioner limits himself to the questionnaire and thus often fails to obtain 
vital facts. In a great many cases relatives or friends who speak English 
accompany the patient and render the task easy. When an official in- 
terpreter is not at hand, one must avail oneself of J:he linguistic accom- 
plishments of other patients. 

The physician will often be surprised to find that histories obtained 
in the presence of relatives or friends differ radically from those volun- 
teered when the examiner is alone with the patient. Experience and a 
natural talent for reading mental processes will in part suffice to deter- 
mine whether or not the patient is ‘^holding back^’; as for the rest, in- 
consistencies in the history as first obtained and in the results of the 
clinical examination must serve to put one upon the right track. In 
venereal and sexual cases, particularly, it is advisable to postpone ques- 
tioning until there is opportunity for private conversation. 

The judgment of the physician must also determine when a history 
is likely to be inaccurate because of the physical condition of the patient. 
In many cases, although the patient is gravely ill, his answers will seem 
to indicate a clear sensorium. If the replies are satisfactory and dovetail 
properly, well and good; if not, recourse must be had to those about 
the sick person. 

Tact and delicacy are prerequisites to an accurate anamnesis in many 
cases, fey this is not meant a foolish reserve in asking necessary ques- 
tions, but avoidance of that brusque, dictatorial manner which tends 
to place many individuals upon their guard and to make them actually 
secretive. It is a quite inexplicable frame of mind which prompts a 
person to consult a physician and then to conceal from the latter vital 
information ; however, this is not at all infrequently the case. Although 
we must be gentle and sympathetic with patients of all types, whatever 
their symptoms may be, we need hardly say that these qualities are espe- 
cially essential in the case of diseases of the sexual organs and in those 
involving the genitalia, for this seems to many individuals to be a field 
in which the physician is not entitled to know everything. It is in this 
field that the examiner can find full play for a tactful question, aimed 
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Patient’s No.: Date: 

Sex: 

Age: M.S.W. 

Name: 

Color: 

Nationality: 

Residence: 

Occupation: 

Gain: 


Height: 

Weight: Loss: 

Present Complaint: 


Since: 


Family History: Father, 1. health: d. cause: Brothers: 1. d. 

Mother, 1. health: d. cause: Sisters: I. d. 

Family pendencies: 

Previous Health: Childhood, adolescence; women (menstruation, pregnancies, miscarriages, 
pelvic infections); diseases (rheumatism, lues, gonorrhea, etc.); accidents, 
operations. 


Habits — environment: Bowel movements; work; wages; dwelling; bedroom; usual food; 

daily habits (work, rest, amusements, sleep); tea; coffee; tobacco; 
alcohol; drugs. 


History of Present Illness: Duration; progress; onset; earliest symptoms; most troublesome 
symptoms; physical changes observed; former treatment. 


General Inspection: Appearance: Temper- 

Development — nutrition : ature ; 

Mouth — throat — teeth: Eyes: 


Pulse: Respiration: 

Glands: 

moist: dry: 

Skin: trauma: scars: 

eruptions : edema : 


Diagnosis; Provisional: Final: 


Pio. 3 . — X Foctr-pagb History Form, Which, Though Rigid in Some Wats, Pos- 
sesses Many of the Points Commended in the Text. 

In the several subdivisions of history and examination, a reasonable amount of 
space is left for expansion, and the latter, with subsequent notes, can also be taken 
care of on the third page. The laboratory page is excellent. 
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GENERAL OCAMINATION 


Digestive Tract; 


Respiratory Tract: 


Circulatory Tract; 


Genito-urinary Tract: 


Nervous System: 


FlO. 8, Paox 2. 
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LABORATORY REPORTS 

Date at top of each column 


URINE: 

19 

19 

19 

. 19 

19 

Quantity 

Appearance 

Reaction 

Specific Gravity 
Albumin 

Sugar 

Indican 

Sediment. 




} 


BLOOD: 

19 

19 

19 

19 

19 

Hemoglobin 
Erythrocyte count 
Leukocyte count 
DlFFERIlNTlAL(J|JgJ|^;^ 
Polymorphonuclear 
Lymphocytes 

Large mononuclears 
Transitionals 



• 



Eosinophils 

Basophils 
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SPECIAL LABORATORY EXAMINATIONS: 


Pig. 3, P 40 B 4. 
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here and there, with the result that all necessary information is soon at 
his disposal. 

Of all the essentials to accuracy in history-writing, however, none is 
so important as a thorough analysis of the patient’s symptoms, past and 
present. It is jdbt here that the physician’s skill and judgment are put 
to the severest test. To one man the symptom pain in the stomach means 
only that; to another who can analyze and correctly develop the facts 
bearing upon this manifestation, it means quite another thing — per- 
haps a tentative diagnosis. The term chill as given by the patient sig- 
nifies relatively little unless an effort is made to bring out information 
as to its severity, duration, periodicity, etc. And rheumatism — there is 
surely no condition more frequently mentioned in the patient’s recital 
or so often incorrectly named! Careful analysis should quickly demon- 
strate whether the pain is — or was — articular, muscular, or of another 
nature, whether it was associated with fever, whether it involved one 
or many joints, whether or not it was severe enough to confine the patient 
to his bed, whether or not it was associated with swelling and redness 
of certain joints and was accompanied by drenching perspiration, and so 
on. Rheumatism, unqualified, means little; rheumatism defined and 
properly qualified may determine the diagnosis. 

This matter of the thorough analysis of all points in the patient’s story 
applies with equal emphasis to all of its details — present complaint^ past 
illnesses, etc. {see also p. 578). In many cases a history so taken and 
analyzed will enable one to make a highly probable diagnosis even before 
the examination is begun (pneumonia, duodenal ulcer, acute poliomyeli- 
tis, appendicitis, etc.) ; in all cases, it is a necessary prerequisite to an 
intelligent study of the patient as an individual. 

MATERIALS 

Before entering upon the subject of history-writing proper, it may 
be well to deviate from our principal theme for a moment in order to say 
a few words about suitable materials upon which to record histories and 
about commendable methods of preserving them. Although the record- 
ing and keeping of the hospital and dispensary histories should, in the 
main, follow the suggestions about to be made, the author’s recommenda- 
tions are intended especially for the needs of private practice. 

Compactness, though axiomatic of modern business methods — and 
such have a distinct place in the keeping of medical history records — 
cannot be emphasized at the expense of serviceableness. The use of 
printed forms with definite space allotments for the items of the history 
and the physical and laboratory findings has already been sufficiently con- 
demned. Cards or paper, blank except foi> captions such as name, date, 
occupation, address, place of birth, diagnosis, etc., are much less objec- 
tionable, as there is no restriction to the space which may be occupied 
by such features of the anamnesis and examination as may require ex- 
pansion. The disadvantage in the use of any but very large cards (8x10 
inches, or larger) is chiefly one of bulk, for as the record grows with 

VoL. I.~36. 
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subsequent examinations of the patient and repeated laboratory tests, a 
rather unwieldy and space-consuming collection is the result. Another 
not entirely negligible objection to the use of cards is the matter of ex- 
pense. Furthermore, when cards are employed, the tendency is to in- 
termingle physical and laboratory data, a method irhich, as will be 
pointed out in detail later, detracts from serviceability in the matter 
of future reference. If, despite these disadvantages, cards are made 
use of they had better be of ordinary letterhead size (S^/^xll inches) 
for reasons described below. The statistical information essential in 
every case — name, residence, age, occupation, etc. — may either be written 
at the top of the card in long hand or, better, printed just as in the 
case of the paper records about to be described. (For methods of filing 
cards and other types of records see page 567.) 

For reasons which will appear, the author believes that a history 
sheet closely following that shown in Fig. 4 best fulfills the various de- 
mands made upon such forms. It consists, as will be noted, of four 
pages, the page size measuring 8%xll inches. The only printed items 
should be those above the horizontal line on the first page — which may, of 
course, be just as acceptably inserted in long hasid — Present Illness, 
Qnset and Course, just below the line on the same page, and Laboratory 
on the fourth page, which should be printed, as it serves to confine the 
laboratory data to this page. The other marginal captions: Previous 
Illness, Habits and Routine, Family History, Venereal-menstrual Ex- 
amination and Subsequent Data syte inserted in pen and ink where the 
demands of the history and examination place them. * 

Under the subhead Examination may be written in, if desired, the 
several phases of the examination, such as General, Head and Neck, 
Pleurm and Lungs, Heart and Vessels, etc. ; while under Subsequent Data 
are placed the dates on which later examinations are made. On the page 
devoted to Laboratory, the different forms of the latter — Urinalysis, 
Blood, X-ray, etc. — may be written in the margin, or rubber stamps may 
be employed for the purpose, a method which the writer finds very con- 
venient and satisfactory. In either case the various groups of laboratory 
work should be so spaced — based with a reasonable degree of accuracy 
upon the particular type of case — as to allow ample room for subse- 
quent examinations, the dates of the latter appearing in the margin 
beside the data. 

Several modifications of the plan just described work out very well 
in practice. In the first place the history form may be made up of 
six pages instead of four, with the idea primarily of allowing sufficient 
space for the demands of practically every case. (In the four-page 
scheme additional pages of letterhead size may be inserted as needed.) 
Or the middle sheet of the six-page type may be reserved for laboratory 
data, thus providing for the latter two pages, instead of one. The mid- 
dle, laboratory sheet — pages 3 and 4 of the six-page booklet — may be 
left blank except for the caption Laboratory at the t^^ and the ruled 
margins ; or special forms for the examinations of a moife routine nature 
may be printed thereon (Fig, 5) . The objections to such printed forms 
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Habits and 
Routine: 


Family History: 


Venereal; 

Menstrual: 


Examination: 

(Various subheads of 
tho exatniaaiion may 
be inserted in this 
margin ) 


Fig. 4, Paos 2. 
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are the same as those already directed against printed history and exami- 
nation cards — they go far beyond the routine required for the average 
case and they are likely to prevent expansion when this becomes neces- 
sary. The particular case, for example, may demand twenty urinalyses 
to one hematologijc examination, and yet a set form would allow about 
equal space for each. 

Still another modification of the four-page form which has much in 
its favor is the use of special pages, of the same size (8Vi:xll), for the 
different laboratory examinations, such pages to be fastened within the 
booklet by metal clasps. These additional pages should follow, in gen- 
eral, the forms shown in Fig. 5 and not those of the type of Figs. 6 and 7. 
For easy identification, different colors of paper may be used for the dif- 
ferent laboratory examinations, but, in order to prevent undue bulkiness, 
two, or even three, subjects may be included on a single page, somewhat 
after the plan suggested in Fig. 5. The number of the history and the 
name of the patient appears at the top of each laboratory page ; and each 
laboratory phase — Urinalysis, Blood, etc. — is properly labeled. 

The number of these colored laboratory forms which may seem de- 
sirable will vary gteatly,* the physician in general practice will find 
two or possibly three such combination pages sufficient for all routine 
examinations. The specialist, on the contrary, will require forms suit- 
able for particular purposes: field of vision, renal functional tests, dia- 
betic charts, fractional gastric analyses and so forth ; however, to attempt 
to reproduce, or even to discuss these various special forms is not within 
‘the scope of this work. 

The letterhead size of page recommended in the various history forms 
and extra pages just described is preferable to other sizes not only be- 
cause it affords sufficient space for nearly every purpose, but because 
correspondence relative to the case may be neatly and compactly filed 
away with it. The habit of stuffing cards and papers of various sizes in 
an envelope as a container for the records of each individual case detracts 
from system in the keeping of records. It is the author’s custom to 
place five histories in a stout manila container, open at the top, and 
with a flap for the numbers of the records contained. 

We come, finally, in the matter of materials, to methods of filing 
histories and of cross-indexing. Here again no attempt will be made 
to describe the many eminently satisfactory methods designed for this 
purpose. Any system which will readily enable the physician to find 
the particular history he wishes is satisfactory provided that, as the 
number of histories grows, the system does not become unwieldy. The 
alphabetical filing of records does become extremely unsatisfactory after 
a time, inasmuch as one finds it necessary to run through a certain 
number of histories, no matter how well subdivided the alphabet may be. 

Distinctly preferable, in the author’s opinion, is the numerical file. 
Reference to Fig. 4 will show that each anamnesis is numbered, the 
number on the history corresponding to a number on a card in a small 
card index system. The small card bears in addition the name of the 
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Fio. 5 . — Examples op IiAbobatobt Fobms. 

These forms contain relatively few of the objections mentioned in the text. The reverse side of the sheet on which all four forms 
printed, may be used for other similar forms or may be left blank with the marginal caption: “Other Data; Special Data.” 



EXAMINATION OF BLOOD 


RED BLOOD^ORPUSCLES— 

No. per cu.mm How estimated.. 

I 

Poikilocy tes. N ormoblasts 


Megaloci^tes Megaloblasts.. 


Microcytes M “croblasis.. 


Granular degeneration Polychromatophilia.. 


LEUKOCYTES— 


No. per cu.mm 

Differential count.. 


Lymphocytes 

Large Mononuclear and Trans...., 
Polymorphonuclear Neutrophils.. 

‘‘ Eosinophils... 

“ Basophils 

Neutrophilic Myelocjrtes 

Eosinophilic “ 

Stimulation forms 

Undetermined - 


Hemoglobin per cent. Instrument- 


Specific gravity ( % Hb. Hammerschlag table) 

Color index Volume index 


Coagulation time Blood platelets.. 

Blood Cultures (Media 


Animal Parasites.. 
Serum reactions.... 


Miscellaneous.. 


Fxo. 6 . — ^An Unsuitable Poem eob Becobdino Blood Examinations. 

Thwe fure repeated examinations of the blood in a given case, and, as each sheet 
can be lued for only one examination, there will be a consequent bulky accumula* 
tion j|l eudi sheets and comparison of the records of different dates will be difficult. 
(8ee.^tKe forme shown in Fig. 5.) 





Consistency. 


EXAMINATION OF URINE 

ROUTINE COMPLETE EXAMINATION Sp. gr Reaction. 

^ i Single 

Color.................Qiiantity •< Consistency.. 

I ' 94 hrs 

Sediment Cloudy Odotw 

Albumin Sugar 

Acetone Diacetic Acid 

Casts R. b. c 

W. b. c Other Cells 

Crystals Amorphous 

Miscellaneous 

SPECIAL QUAUTATIVE EXAMINATIONS 


JVlucin — . 

Diazo ^ 

_ frlycuronates 

Hb 

Cammidge 

Drugs.. 

__ Miscellaneous _ _ 



Other reducing substances.... ...Other Albuminous bodies 

Bacteriologic ......... ................. — ....... 

SPECIAL QUANTITATIVE EXAMINATIONS 

Sugar (kind.. ....... Test Sol. ....... ) ..............per cent. 

Albumin (Method.. ) per cent. 

Total solids ( — coefl&cient) ...gips. per liter 

Total N (Kjeldahl) gms. in 94 hrs. Ammonia (NH 3 ) gms. 94 hrs. 

Urea ( Method) gms. in 24 hrs. Total N ~ 

Uric Acid ( ... .....Method)..— — gms. in 94 hrs. 

Other nitrogenous bodies....... .._( ......Method).... ...... gms. in 94 hrs. 

Acetone ( Method; gms. in 24 hrs. 

Phosphates ( .......Method) gms. in 94 hrs, 

Chlorids ( Method) gms. in 24 hrs. 

Sulphates ( Method) gras, in 94 hrs. 


7,— An Unsuitable Form for Recording Urinalysis. 
(See note in explanation of Fig. 6.) 
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patient and either the diagnosis in the case — ^for a quick study of records 
-"'-or ledger rulings for that phase of practice. The ideal containers for 
histories and card indices are the metal files with drawers of the neces- 
sary sizes, as a safeguard against loss by fire. 

THE HISTORY PROPER 

Mention was made on an earlier page of the necessity of employing 
some skeletal outline in the writing of the history proper, upon which 
the individualizing details of the particular patient’s story should be 
built. These main divisions, which are more or less stereotyped and 
appear under one name q| another, with some variation in sequence, as 
a part of practically every history, are the following: 

(1) Present iHness. 

(2) Previous illness. 

(3) Family history. 

(4) Patient’s daily routine; frequently called habits, or personal 

history. 

(5) Venereal history. This appears to better advantage, per- 

haps, as a special subhead than as part of previous illness, 

(6) Menstrual history in the case of women. 

Present Illness. — While the history is being written the patient should 
sit, or lie, facing a good, although not intense, light in order that the 
physician may study the sick man’s facial expressions, and, gen- 
erally, his manner of telling his story. To the observant, and especially 
to the experienced examiner, a considerable amount of information is 
given in this way, as regards the reliability and weight of the statements 
made and in general as to the mental makeup of the patient. The 
trained and attentive ear and eye, unaided by instruments, note a wealth 
of diagnostic material, some of the details of which are mentioned in sec- 
tion 4 of this chapter (page 587). 

In the matter of developing the present complaint, as in the case of 
practically all other subdivisions of the history, there is a considerable 
choice of method. Although half a dozen or more satisfactory forms of 
procedure might be mentioned, the author will, to avoid confusion, con- 
fine himself to a discussion of two only. Later on, with a growing 
experience, the practitioner will very probably evolve a method more 
satisfactory for his purposes than are those offered here; however, at 
first, it is advisable that this experience be gained along one or the 
other of the two lines to be mentioned. 

In the first method of developing the present complaint, each symp- 
tom as it is given is taken down and analyzed — the explanation of this 
term will be considered at length a little later (page 576) -“from its onset 
to the time when the patient presents himself. A slight variation of 
this method is to enumerate the list of symptoms at the beginning, fol- 
lowing which each complaint is considered in detail (Fig. 8). 

In the second method — ^the one especially recommended by4:he author 
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No. Ma D>^ Rofemd by 

Name WilliamB, George AddretB 1011 A Streat, Chicago 

Occuoation Bond Salesman ^Age — 25 Place of Ri rtK Chicago 

Provisional Diagnoais Typhoid Fever 


Definitive Diagnosis and Outcome Typhoid Fever; Myocardial Degeneration. 

Recovery (Complete?). 2/1S/17. 


Present IHness: 
Onset and 
Course 

This began about ten days ago. there has been no 
previous illness of a similar nature. 

RESUME OF SYMPTOMATOLOGY 8IHCB ONSET OF TROUBLE: 

* 

Headache 

Cough 

Lose of Appetite 

Weakness 

Disinclination to work 

Fever 

Constipation 

Nosebleed 

Abdominal Pain 


SYMPTOMS IN DETAIL: 


Headache; -'This was one Of the sarllsst syaotoms noted 
and is still present, although not so severe. The 
patient has never been troubled with headache in the 
past. The pain is chiefly frontal and is present 
more or less throughout the day except for brief 
intervals after taking aspirin. Pressure does not 
aggravate the discomfort; heat relieves it somewhat 


Cough: --The patient began to cough soon aftsr the 
headache appeared, and has coughed more or less con* 
Btantly throughout the day since. In the last few 
days there has been some improvement. Small amounts 
of thin, whitish sputum; no blood. 


Loss of Appetite; --There has been little Inclination 
to eat Since the very onset; no kind of food is 
tempting. No symptoms on the part of the stomach. 

Previous 

Illness: 

i . - ■ - ■ 

Pig. 8. — IwyDSTRATiON or the First Method or Developing the “Present 
Illness" or the Patient. 

The at tbs beginning may be omitted, but is recommended for quick 

orientation. 
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574 CASE HISTOEY TAKING 

— the patient ’s complaint is considered under the following subdivisions : 

(1) The onset of the trouble, including the duration of the latter, its 
earliest manifestations and a resume of any previous ^attacks. 

(2) The course of the illness since its onset (most recent exacerbation 
if there have been previous attacks; the latter are coiJbidered under 1). 

(3) The present status of the process, representing the condition of 
the patient when he presents himself for examination (Fig. 9.) 

The plan just considered has the advantage over the first of placing 
symptoms side by side in their time relationship. In the first plan, a 
certain loss of perspective is bound to occur because of the seriatim 
analysis of each symptom from beginning to end. 

The ideal method in the preparation of a case history is to take notes 
as the information is gathered and then to write the history in its final 
form. This plan makes for coherence, compactness and a logical arrange- 
ment. With a growing experience, however, the physician does not find 
it unduly difficult to write a good history as he questions the patient; 
and for the busy man who takes his own histories, this is the only 
practical method. Nevertheless, the best of men will find, despite due 
care in the gathering of symptoms, that it will be* necessary not infre- 
quently to ^‘fill in’’ one or more places in the patient’s recital — this ap- 
plies not only to the present complaint, but also to the other subdivisions 
of the history — because of further questioning called for by facts brought 
out either in subsequent parts of the anamnesis or in the examination 
of the patient. 

At this point it seems advisable to consider in some detail featured 
which concern all subdivisions of the history proper but more particu- 
larly, perhaps, the substance of the present complaint. The author refers 
to the matter of the correctness of the replies made by the patient to our 
inquiries and to the analysis of the symptoms given by him. In ques- 
tioning the accuracy of his replies, no reflection is necessarily cast upon 
his veracity. Misleading answers, as the experienced physician knows, 
are due to several factors among which are the carrying about by the 
patients themselves of careless or inaccurate diagnoses made by former 
physicians, medical advice given by non-medical friends, the reading 
by the patient of quack” advertisements, and ignorance. Untruth- 
fulness does, of course, at times enter in as a factor. 

No term is perhaps so loosely employed by the patient as is rheuma- 
tism, which is used to cover such dissimilar conditions as tuberculosis 
of bones and joints, the lightning pains of tabes dorsalis, true rheumatic 
fever, trichinosis, gout and other pathological conditions almost too 
numerous to mention. 

Malaria is another much abused diagnostic term. By carefully placed 
questions as to the place of residence at, or shortly before, the onset of 
the trouble, as to the duration, the treatment (quinin), etc., one is en- 
abled to differentiate between this and other conditions with regularly 
recurring febrile manifestations. 

The neuritis of the patient is seldom neuritis, being more commonly 
a subdeltoid bursitis, a tabes, a cervical rib or what i^t. And what 
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Proridonel Diagnosis Typhoid Fevar 

Deflnltjye Diagnosis and Outcome Typhoid Fa var; Myocardial Dassharatlon, 


Recovery (Complate^). 2/18/17,' 


Present Illness: 
Onset and 
Conrse 


Preirious 

Illnesss 


OKSET. — The present coinplaint--no previous similar 
trouble --began about ten days ago with headache, cough, loss 
of appetite and nosebleed. The headache, which was probably 
the first symptom noted, was very severe, the mors so as 
the patient has never suffered from it in the past. The 
pain was chiefly frontal in location, and has been present 
more or less throughout the day except for brief Intervals 
after taking aspirin. Pressure did not aggravate the 
discomfort: heat relieved it somewhat. The cough began 
soon after the headache appeared and has been present practi- 
oally throughout the day. There has been a small amount of 
thin, whitish sputum, but no blood. Lose of appetlts came 
on early and has applied to all kinds of food. There have 
been no other symptoms on the part of the stomach. The 
patient has had no actual nosebleed, but has noticed streaks 
of blood on his handkerchief on several occasions after 
blowing hie nose. 

COURSE. --In the ten days since the onset, the headache 
has continued severe until a few days ago. when it began to 
abate. The same has been true of the cough. Anorexia has 
persisted. There has been no epistaxls after the first few 
days. In addition, since the onset, the patient has noticed 
an Increasing physical weakness with inability to concen- 
trats on hie work. It has besn necessary, also, to employ 
shemata to obtain a bowel movement, although the patient 
was always regular in this respect. In the last day or 
two there has besn what appears to be actual pain in the 
right lower quadrant of the abdomen, there has been no 
vomiting. The patient has felt feverish for the last week, 
and his temperature yesterday was found to be 103<>F 

PRE8BHT STATUS. -’The increasing weakness has forced the 
patient to take to his bed. He says that he is satisfied 
Just to be left alone. Aside from feeling very hot. drowsy, 
and uncomfortable, and being strongly averse to the sight 
and mention of food, he makes little complaint. 


FlO. 9, THI ftawrp t GaSS HISTOBT AS IN FlO. 8. ABBANOZD AcOOBOINa TO THB 8 bOO1!0 

Mbsbod of Detilopino ths Present Illness.** 
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was diagnosed for one reason or another as sciatica proves to have been, 
or to be, sacro-iliac disease, hip-joint disease, flat-foot or some other 
condition. 

Fain in the stomach, ^hen analyzed, may prove to be appendicitis, 
renal or biliary colic or one of the many other afjute abdominal dis- 
turbances associated with pain. 

Many patients describe fever as a symptom of the onset of their illness. 
Inquiry, however, very frequently shows that the individual did not use 
a thermometer, but merely felt feverish, while the course of the disease 
indicates that an elevation of temperature was probably at no time pres- 
ent. The same is true of chill; patients generally confuse a chilly sen- 
sation, such as occurs frequently at the onset of many acute infections, 
with a true rigor, as in malaria and pneumonia, in which the individual 
shakes the bed in the paroxysm and finds it difficult or impossible to 
get warm. 

Pam in general is loosely employed to designate a great number of 
unpleasant sensations. Careful inqiiiry will usually elicit the nature of 
the ‘Spain’' — whether it consisted in a feeling of pressure, or of weight, 
in a burning sensation, a tired feeling or an aetflial pain — a differentia- 
tion which is of extreme importance, for example in the diagnosis of 
gastric conditions. 

Finally, as another illustration of the patient’s incorrect use of medi- 
cal terms, one might mention the ill-defined employment of the word 
stomach, which to the layman may mean anything from the diaphragm 
to the pelvic floor. • 

Examples of incorrect usage of medical terms by the patient might 
be multiplied almost indefinitely. Those given, however, are fairly 
illustrative and should serve as a warning to the beginner not to ac- 
cept at face value the greater number of the patient’s anamnestic state- 
ments. 

No single feature of history writing is as important, perhaps, as what 
has been termed the analysis of symptoms given by the patient. No his- 
tory can properly be called such unless the factors qualifying each com- 
plaint are fully amplified and arranged to throw the greatest amount 
of light upon the symptom in question. In putting questions designed 
to bring out these qualifying details, the knowledge of pathological com- 
plexes has an unlimited field, and, as has already been mentioned, the 
medical training and experience of the examiner may be fairly judged 
by the extent to which he rounds out the setting of the important symp- 
toms. 

The physician must, at first, learn to ask questions which are based 
not upon clinical experience alone, but obviously essential, one might 
say, even to the intelligent layman. If a patient complains of loss of 
weight, it is natural to ask him how great the loss has been, over how 
long a period the weight has been declining, whether the loss has been 
constant or has been arrested by temporary gaiils, whether change of 
clothing or the. use of different scales from time to time may not have 
been factorft^ whether a change in work or working hours has taken 
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place coincidently with the falling off in weight, and so on. Later, with 
each year of added clinical experience, questions based upon a knowl- 
edge of conditions associated with a loss of weight can be added, ques- 
tions, for example, calculated to indicate the possibility of the causa- 
tive factor bein^ tuberculosis. Graves’ disease, malignancy, diabetes, 
etc. 

The following illustrations will serve to give the reader an idea of 
what the author considers to be an analysis of symptoms. 

Symptom — Pain in the Stomach: 

Analyzing Questionnaire : 

(1) Where is the pain, in the stomach or the region of stomach, 
distinctly to the right of the median line (duodenum, gall- 
bladder), over the appendix, substernal or elsewhere ? An- 
swers seem to indicate that the pain originates in the gas- 
tric region. 

(2) Is the complaint actually one of pain (like that due to 
toothache, a bump on the shin, a blow on the nose) or does 
inquires show it to be a burning sensation, a feeling of pres- 
sure or weight, a grinding sensation, a feeling of empti- 
ness, or even nausea ? If pain is present is it colicky, bor- 
ing, dull, sharp or pulling? Some observers regard an 
actual pain as highly suggestive of an organic gastric dis- 
order, as contrasted with one of a functional nature. 

* (3) How long has the pain been present, and has it been con- 

stant or periodic since its onset? 

(4) Is the pain present throughout the day, or is it dependent 
upon some particular event of the day, such as mealtime, 
or the period before meals, or late at night? 

(5) If the pain is related to the taking of food, how long after 
eating does it appear? 

(6) Does the pain depend upon the kind of food taken, fol- 
lowing, for example, the ingestion of coarse foods and not 
of soft or liquid kinds, or occurring after the ingestion of 
very hot or very cold articles, but not after those of a 
moderate temperature? 

(7) Is the pain relieved by the taking of food and, if so, by 
what types of food? 

(8) If vomiting is an associated symptom, is the pain relieved 
thereby ? 

(9) Is the position of the pain constant, or does it radiate, and, 
if so, in what direction? 

(10) Does change of bodily position have an effect upon the 
occurrence or the severity of the pain ? 

(11) Does bicarbonate of soda relieve the pain? 

The above list of questions by no means exhausts the analysis of 
pmn in the stomach. However, enough information may be obtained by 

VoL. I.— 37. 
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the answers to this partial list to determine with a fair degree of ac- 
curacy; (1) whether or not the sensation complained of is actually a 
pain, (2) whether or not the location is gastric (or in the neighborhood 
of the stomach), (3) whether in connection with othei features of the 
anamnesis — age, character of vomiting, loss of weight, etc. — ^a benign 
ulcer of the stomach is suggested, and its probable location, and (4) 
whether a duodenal ulcer is likely — late pain, night pain. 

Analytical questioning such as the foregoing emphasizes very forcibly 
a point to which attention has already been directed, namely, that the 
fuller the experience of the examiner, the more profitably he can elabo- 
rate the various symptoms constituting the patient ^s complaint. 

Symptom — Swelling of the Ankles: 

Analyzing Questionnaire : 

(1) Has the trouble been present before, and, if so, for how 
long, and how completely and under what treatment did it 
disappear? 

(2) If present before, was it more or less severe than at pres- 
ent? 

(3) Is the swelling constant, or does it disappear or recede, 
and when — mornings or evenings? 

(4) lias the amount of urine, or the frequency of urination, 
altered coincidently with the appearance of the swelling? 

(5) If fluid is also present in the abdomen, did the ascites pre- 
cede or follow the ankle edema? 

(6) Is the swelling painful or red? 

(7) Is the edema unilateral, slightly or predominantly so, or 
bilateral ? 

The answers to these questions, especially when combined with in- 
formation derived from associated symptoms (shortness of breath, vomit- 
ing of blood, hemorrhoids, lieadache, etc.) and from details of the i)revi- 
ous illnesses (rheumatism, tonsillitis, etc.), and also from such etiological 
factors as alcohol, will serve to orient the examiner, to some extent, 
as to whetlier he is dealing with a general process, such as a renal or 
cardiac affair, a cirrhosis of tlie liver, or with some local condition, such 
as varicose veins or thrombophlebitis. 

It is hardly necessary to illustrate further the manner of analyzing 
symptoms. In all, the method involved is the same, and while a finished 
analysis demands an extensive experience and a mature judgment, the 
young physician, by applying the principles involved, can elaborate a 
creditable and diagnostically helpful picture. 

Previous Illness. — ^As already pointed out, what has been said con- 
cerning the accuracy of the patient’s statements and the analysis of 
his symptohos is fully as applicable to diseases and symptoms which 
have exisled in the past as to the details of his present illness. Also, 
from the'^point of view of form and coherence, it is probably advisable 
to from the subdivision of the anamnesis under consideration 
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a description of previous attacks of the same illness which brings the 
patient to a physician, inasmuch as this belongs logically to the present 
complaint. Furthermore, it is a matter of custom, and promotes clarity, 
to consider past illnesses referable to the venereal tract and the men- 
strual function under separate captions {see below). 

Experience shows that a worth while account of the patient’s previ- 
ous sicknesses is most likely to be obtained by asking him specific ques- 
tions along set lines. To do this it is necessary to learn what conditions 
are apt to have sequelffi. The following are the most important, together 
with their more common complications ; 

(1) Rheumatic fever (endo-, peri-, myocarditis). 

(2) Tonsillitis (cardiac and renal pathology; secondary focal 
processes, such as iritis, ^‘rheumatoid arthritis,” osteomye- 
litis, etc., etc.). 

(3) Typhoid fever (gall-bladder disease; osteomyelitis; myo- 
cardial degeneration). 

(4) Scarlet fever (nephritis, middle ear disease and its compli- 
cations)^ 

(5) Whooping-cough and measles (tuberculosis). 

(6) Pleurisy (tuberculosis). It is advisable to inquire as to 
the occurrence of pleurisy, pneumonia and “diseases of tlie 
chest” in general, for the light they may throw upon the 
thoracic findings later revealed by the examination, even 

, though these findings may have no bearing upon the pres- 

ent illness. 

(7) Infections in general (cardiac and renal pathology). 

(8) Influenza — a waste-basket of disease called “grippe” by 
the patient (cardiac and renal pathology; chronic ill- 
health). 

The above list of conditions is perhaps sufficiently inclusive as a 
routine; it does not, of course, embrace all diseases which may at one 
time or another have an etiological bearing upon the present illness of 
the patient. The individual case frequently requires an extra-routine 
line of questioning. For example, in the case of a patient whose com- 
plaint is suggestive of a carcinoma of the stomach, it would be indi- 
cated to inquire specifically as to the occurrence in earlier years of a 
symptom-picture permitting the presumptive diagnosis of gastric ulcer, 
of which the patient had remembered only a few hazy details catalogued 
in his mind as “indigestion.” Or, if the present complaint and findings 
speak for an hepatic or subphrenic abscess, it would be highly important 
to discover that at an earlier period there had been symptoms which at 
the time made little impression upon the patient but which analysis 
shows to have been manifestations of appendicitis (called “stomach- 
ache or dyspepsia) or of a dysentery (described as diarrhea) . 

In addition to specific inquiry as to the diseases enumerated above, 
and questioning along less routine lines as dictated by other phases of 
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the anamnesis and by the examination of the patient, it is also advisable 
to question the patient concerning symptoms which may have been noted 
at an earlier day. in sharp contrast to those individuals who consult 
a physician at the very inception of a symptom are those — and their 
number is not small — ^who overlook and forget manifestations which are 
not serious enough to compel them to take to their beds. 

Among the more important of such past symptoms of disease, which 
should form a part of the routine questionnaire and be analyzed as are 
the symptoms of the present complaint, are the following : 

(1) Headache. 

(2) Swelling of the ankles. 

(3) Cough. 

(4) Expectoration of blood. 

(5) Vomiting and vomiting of blood. 

(6) Anomalies of urination and of the urine. 

(7) Shortness of breath. 

(8) Pain in the chest. 

(9) Pain in the abdomen. 

(10) Constipation and diarrhea. 

(11) Marked changes in weight. 

(12) Jaundice. 

It is not within the province of this volume to discuss the diagnostic 
data which may be obtained from inquiries directed along these lines; 
their value becomes increasingly evident with the medical progress of 
the student. 

The patient is questioned, finally, as to trauma and operation. In 
many cases, when the relation of one or the other of these factors to the 
present illness is self-evident, the patient has already mentioned them. 
In the case of slight trauma, however, it is often difficult or impossible 
to obtain a history of its occurrence, even though the picture strongly 
suggests it (sarcoma, bone tuberculosis). The details of a previous opera- 
tion may throw light upon a condition in one of two ways: they may 
either account etiologically for the present illness (post-operative in- 
fection, adhesions, lung abscess following tonsillectomy) or, when the 
work has been done and recorded by a competent pathologist, they may 
explain the manifestations which have brought the patient to the physi- 
cian. For instance, a former operation revealed a hypernephroma which 
has given rise to the present multiple bone changes; or, at operation 
for suspected peptic ulcer, the abdominal contents were found to be 
normal, in view of which the present (recurrent) gastric disturbances 
are probably functional. 

The relationship of injury to the present illness may be obvious (frac- 
ture, rupture of the bladder, etc.) or it may be highly probable (Jack- 
sonian epilepsy due to injury to the head rather than to brain tumor, 
sarcoma of an extremity following a single trauma) . Trauma also opens 
up the wide domain of nexirasthenie and hysterical conditions in which 
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the examiner is put upon his mettle to detect malingering in its bearing 
upon personal injury law-suits. 

Family Histox^, — While almost general unanimity exists as to the 
“hereditary” tendency of certain diseases, there is a considerable di- 
versity of opinion 'as to whether or not a number of other conditions 
run in families. Two processes in particular must always be specifically 
searched for, namely tuberculosis and cancer. This is not the place to 
discuss the genuinely hereditary nature of the former; suffice it to say 
that actual transmission via the sperm, the ovum or even the placenta 
is extremely rare. In the last analysis, tuherculosis is largely a disease 
of propinquity. The disease tuberculosis, furthermore, must be sharply 
distinguished from tuberculous infection. The evidence is all in favor 
of the view that between the ages of six months and fourteen years 
practically all of us are infected by tubercle bacilli ; however, the great 
majority of us, fortunately for the human race, are able, for one reason 
or another, to check the process clinically. A minority, not endowed with 
efficient protective forces, succumb during that early period to the disease 
tuberculosis. 

After this preliminary infection, a number of factors determine 
whether or not the infection will be lighted up into active disease. The 
individual born without a family taint will not, under ordinary con- 
ditions, contract tuberculosis, even though he is exposed to an open 
case for a long period. The same individual will probably not be af- 
fected by such predisposing diseases as whooping-cough and measles. If 
he is an alcoholic, however, or in a non-resistant state from other causes 
— diabetes, malnutrition, etc. — any natural immunity he may have may 
be canceled. In other words, in the case of the individual with little 
or no tuberculosis in his family history, unless certain very pronounced 
predisposing factors be present, tuberculosis is relatively little to be 
feared, even though the element of exposure to open cases is at hand. 
This is one phase of the matter of the family history in its relation to 
the question of tuberculosis. 

In the ease of the individual from a tuberculous family, however, 
things are quite different. His constitutional makeup is such that ex- 
pasure to open cases is positively dangerous, and pertussis and measles 
are real menaces. A big factor in the two types of individuals is, nat- 
urally, that the one must go out of his way, so to speak, to expose himself 
to the tubercle bacillus, while the other is born and raised in its presence. 

All of these various factors must be taken into consideration when 
the patient is questioned in regard to tuberculosis. If there is no family 
history of the disease the chances are that the present complaint is 
not tuberculosis unless one of the above-mentioned predisposing condi- 
tions is present. An alcoholic from a family in which there has never 
been a case of tuberculosis is as likely to contract the disease as is a non- 
alcoholic who is constitutionally predisposed and has remained in his 
infected milieu. Another point of importance is the length of time dur- 
ing which an individual with a “bad” history has remained in the in- 
fected surroundings. For example, even if both parents and several 
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brothers or sisters have succumbed to the disease, provided the patient 
himself was taken at an early age from his unhealthy environment and 
has followed a careful, hygienic routine, his chances pf having escaped 
without mark may be considered excellent. 

The foregoing remarks are by no means without Exception and have 
been made solely for the purpose of showing, first, how little real infor- 
mation is to be gained merely by asking the patient whether or not there 
has been tuberculosis in his family, and, second, how many and how 
varied the conditions are which predispose an individual to the disease. 

In the case of cancer, the situation is quite different. The tendency 
of carcinoma to run in families is generally recognized and must always 
be assigned due importance in the taking of the history. 

There is a considerable difference of opinion as to whether or not 
the predisposition to a number of other conditions is handed down from 
one generation to the next. Some observers insist that the interrelated 
complex of contracted kidney, arteriosclerosis, and arterial hypertension 
manifests a disposition to reappear in certain families ; others that cardio- 
pathies show a similar disposition. However, our ever increasing knowl- 
edge of the infectious nature of this latter group Vould seem to render 
this theory rather hazardous, unless we assume that the members of 
certain families inherit cardiac structures especially susceptible to in- 
fection. Perhaps even less definite is the matter of gout in this regard. 
Thus, in spite of the fact that in somewhat over one-half of the cases 
parents or grandparents have been affected, it is difficult to say whether 
a uratic disposition has been inherited or whether the son eats and 
drinks as did his father and grandfather. 

There are two conditions in which the hereditary factor is very 
pronounced but which scarcely require investigation in the average case. 
These two diseases are hemophilia and insanity. We must inquire as 
to the former particularly before subjecting a patient to a surgical 
operation. In the insanities, heredity plays a very great role, and the 
history of a family predisposition may be of considerable help in the 
diagnosis. 

Diabetes also exhibits a marked hereditary tendency, and although 
such a history may have little diagnostic value, it should be sifted in 
the glycosuric individual, from the point of view of statistical interest. 

In certain diseases of the nervous system, finally, the family or hered- 
itary factor may be of variable importance. Epilepsy, although probably 
not an inheritable affection in the great majority of cases, unquestion, 
ably occurs with great frequency in families of neurotic taint (hysteria, 
insanity). Chronic alcoholism in the parents also plays an important 
part in the production of, or predisposition to, epilepsy in the offspring. 
Affections of the motor tract, especially progressive neural muscular 
atrophy and the muscular dystrophies, are frequently familial; hel^di- 
tary spastic paraplegia and hereditary ataxia (Friedreich’s ataxia) tend 
to be familial rather than hereditary conditions. Syringomyelia is occa- 
sionally a family disease; amaurotic family idiocy (Sach’s disease) is 
characteristically so. 
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Personal Routine {Habits; Personal History), — The term personal 
routine h suggested in preference to the more commonly employed per- 
sonal history ov^habitSf because it more nearly describes the data included 
under this caption of the anamnesis. One or more of the points about to 
be discussed ma}^ have been fully analyzed in connection with the Present 
Complaint ; in this ease, repetition under the heading of Personal Routine 
will of course be unnecessary. 

Each patient should be questioned specifically in regard to the fol-- 
lowing items; 

Occupation. — It is not enoiigh that the individual’s occupation be 
noted at the beginning of the history ; he must be questioned also as to 
the details of the conditions under which he works. These details in- 
clude his working hours, the amount of time he allows himself between 
arising and beginning work, the time he takes or is allowed for luncheon, 
the conditions as to light and ventilation under which he works, and 
his personal feeling toward his work. In occupations, furthermore, which 
have a special etiological bearing upon certain diseases — lead industries, 
for example — the patient must be asked concerning the precautions which 
the employer reconimends to prevent lead-poisoning. Even excepting 
the so-called occupational diseases — those due to the various trades in 
which lead is used, as in the case of caisson workers, workers in phos- 
phorus, etc. — the interrelationship of occupation and disease is in many 
cases very close. The subject is so large that a knowledge of its details 
must be gathered with the student’s growing experience. As illustra- 
'tions may be cited: tuberculosis in carpenters, gout in bartenders, scurvy 
in cooks, myocardial degeneration in individuals who are constantly 
exposed to extreme temperatures (locomotive firemen and engineers), 
or to sudden changes in temperature (packing-house employees). 

Diet. — The degree of detail with which this feature of the history 
is to be analyzed will depend entirely upon the nature of the complaint. 
In a case of pernicious anemia or ulcerative endocarditis, for example, 
the habits of the patient as to eating will scarcely add any information 
of importance. In diseases of the gastro-intestinal tract, on the con- 
trary, the matter of the diet must be taken up in fullest detail. Inquiry 
must be made as to the number of meals eaten per day, the regularity 
of the meals, the quantity of food ingested, the general character of 
the diet, the peculiarities of the patient as regards very hot or very 
cold foods, highly seasoned dishes and foods which are particularly in- 
digestible (pickles, cucumbers, hot breads, fried articles of diet), late 
dinners, banquets, etc. All of these items must be considered in relation 
to the particular complaints of the individual. 

Many conditions require questioning along special lines in the matter 
of diet. In angina pectoris, for instance, it is important to learn whether 
the patient is in the habit of eating his heaviest meal at night, and 
whether he is given to indulgence in foods which tend to produce ab- 
dominal distention. In cases suggestive of alimentary glycosuria, the 
question of the amount of carbohydrates ingested is of prime importance. 
It is not difficult to understand why the patient whose diet consists 
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chiefly of rye bread, herring and coffee may“ present himself with a well- 
developed ease of scurvy, nor why the man who eats foods which leave 
practically no residue — eggs, meat, bread — and especially one who is a 
dainty eater, is likely to be troubled with constipation. 

The author has merely touched the surface of this very large and 
important subject. The quantity, and especially the quality, of the 
food have a very intimate bearing upon many disease processes. Some, 
indeed, for example beriberi and pellagra, are in all probability due to 
dietetic errors. 

Bowels. — The average normal individual has one complete evacua- 
tion of the bowels daily. However, there are exceptions to this rule 
which may nevertheless be regarded as normal. One man, for example, 
may remain in good health with a movement every second day ; another 
with two moderately large movements daily. 

The examiner must not be satisfied with the answer that the patient 
has a daily evacuation. He must ask also as to the size of the stool, 
and its character — whether it is normally formed, soft, mushy, hard 
and ball-like, etc. The analysis of the present complaint should have 
brought out such facts as tar-like stools, colorless, stools, the passage 
of large amounts of mucus, painful defecation and the like. 

Finally, it is well to ask in every case as to the use of cathartics — 
the kind, the frequency of use and the length of time during which 
they have been necessary. 

Alcohol. — There should be no reserve in obtaining the facts as to 
the use of alcoholic beverages. Aside from the general importance of 
this subject, there are several special points which must be included in 
the questionnaire. In the first place, patients not infrequently say 
that they do not drink alcoholic beverages. Upon further questioning, 
however, they admit that they have not used alcohol for such and such 
a period — the beginning of the latter coinciding rather closely with 
the onset of their symptoms — ^but that previously they drank more 
or less excessively. Again, one not infrequently discovers that although 
the patient is not an alcoholic in the ordinary sense of the word, he has 
been addicted for a variable period to the use of certain patent medi- 
cines, the alcoholic content of which may be anything but negligible. 
Finally, information must be obtained as to the usual daily quantity 
of alcohol taken, its quality (if whisky), its nature (beer, wine, whisky, 
absinthe), and as to whether the drinking has been steady or periodic. 

Exercise and Recreation. — Although the saying ‘‘All work and no 
play makes Jack a dull boy’^ is old and threadbare, the truth it con- 
tains is always fresh. Other things being equal, the man who takes 
his outdoor exercise and vacation regularly is most likely to remain well. 
This has been demonstrated especially by the popularizing in recent 
years of golf. The man — and the woman — above forty who had previ- 
ously begun to feel old and to need the services of a physician more and 
more frequently, has found something of what Ponce de Leon went so 
far to find. 

It is an almost everyday experience for the physician to see a case 
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which requires nothing so miich as a change of surroundings or more 
exercise in the open. And this is neither the need nor the prerogative 
of the rich man alone. 

Drugs.— As in the case of alcohol, so with drugs, the physician should 
exercise no foolish ^reserve in putting direct questions. In many cases, 
mere observation "of the patient — ^his approach, his speech, etc. — tells the 
whole story, rendering questions almost unnecessary. Opium, and its 
many derivatives, and cocain, are in the great majority of instances 
the drugs employed, in the sense of drug addiction. Morbid conditions 
may, however, not infrequently be traced to the regular use, even in 
moderation, of such substances as aspirin, antipyrin, acetanilid, etc. 

Sleep. — There is no hard and fast rule as to the time the average 
normal person requires for sleep. Eight hours may be regarded as 
sufficient for the majority of mature individuals. However, some re- 
quire nine hours or even more to feel and others are satisfied with 

six or less. In many, if not most, eases as an individual gets along in 
years he finds that he needs much less sleep than the young adult. 
Also, toward middle life, many persons find that they have acquired the 
habit of awaking very early in the morning and that they are ready to 
begin the day’s work, irrespective of the hour at which they may have 
retired the night before. 

Bearing these facts in mind, the examiner should inquire into the 
patient ’s sleeping regime — how long and how well he sleeps, and whether 
he awakens refreshed. One should inquire, finally, as to the conditions 
of temperature and ventilation under which the patient sleeps. 

Teeth. — In view of the established importance of the condition of 
the teeth in the state of the patient’s health, questions bearing upon 
the daily care of the teeth and the regularity with which the individual 
consults his dentist should form part of the routine in every case. 

Tobacco. — This item should be as carefully investigated as is the 
subject of alcohol, because of the many injurious effects of smoking 
upon the predisposed individual. Conditions of vascular spasm (angina 
pectoris, intermittent claudication), gastric disorders, insomnia, nervous 
disorders, involvement of the optic nerve and cardiac irregularities are 
a few of the more important disturbances more or less directly attribut- 
able to the use of tobacco in excess or to the use of tobacco in any 
amount by hypersusceptible individuals. 

Other Factors. — Finally, in certain cases, it becomes necessary to 
go into the matter of the patient’s clothing, his sexual habits, his busi- 
ness or family worries and other details of his routine life. 

Venereal History. — Syphilis and gonorrhea are the two venereal dis- 
eases concerning which specific questions are to be put. Different 
courses must be pursued, depending upon the sex of the patient. A 
man will as a rule admit readily enough that he has had one or more 
attacks of gonorrhea, especially if it be spoken of as ''clap.” v It is more 
difficult, as a rule, to obtain a history of syphilis. This is not so much 
a matter of concealment on the part of the patients, who fortunately 
have learned much through the medical propaganda of recent years 
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concerning the by-products of the disease, and are generally willing and 
even eager to give the physician all the information they can. It is 
rather due to ignorance eithey of the meaning of the J:erm or of the fact 
that they have been infected. 

It happens not at all infrequently, for example, that the chancre 
was intra-urethral and associated with a neisserian infection, and that 
the secondary manifestations were transient %r practically absent. Many 
patients are perfectly honest and correct in their statements that they 
have never observed cutaneous manifestations ; others have seen no rea- 
son to distinguish between a syphilitic sore-throat and other anginas 
which they may have had from time to time. Bxtragenital chancres, 
and especially syphilis insontium, very frequently remain unrecognized. 

The venereal history of the married male also includes information 
as'^to the health of the patient’s children and as to any miscarriages 
which his wife may have had. 

Syphilis is widespread and its sequelae are extremely important. It 
is therefore fortunate that the case upon which the history throws an 
inadequate etiological light can be illuminated in still other ways. The 
author refers to the several laboratory methochi of the last decade, 
namely the Wassermann reaction in the blood and in the spinal fluid — 
with a provocative salvarsan injection, if necessary — the luetin cutane- 
ous reaction, and the study of the cerebrospinal fluid. 

In the ease of women patients direct questions as to syphilis and 
gonorrhea are generally omitted. Circumlocution is usually satisfac- 
tory. Thus, if the present complaint, reenforced by the local examina- 
tion, indicates a salpingitis, the patient may be questioned as to a previ- 
ous vaginal discharge — its color, thickncvss, duration, effect on the act 
of urination, etc. If syphilis is suggested by the history already taken, 
she may be questioned as to the occurrence of sore throat, exanthem, loss 
of hair, headache and other manifestations of the secondary period. 
A woman rarely has knowledge of the primary lesion. The most im- 
portant information, however, is obtained from the menstrual history, 
which includes questions concerning miscarriages (see p. 587). Finally, 
as in the case of the male, if all of these leads yield nothing, the labora- 
tory is the decisive recourse. 

Menstrual History. — In the case of patients presenting themselves 
with a distinctly gynecologic complaint, the present and past details 
(including operations) bearing upon that complaint should be analyzed 
under the subdivision: Present Complaint (p. 572); in the remainder 
of the cases, all illnesses of pelvic origin are to be considered in the 
subdivision under discussion. 

The following questionnaire applies to the menstrual function: 

(1) The age at which the monthly periods began, the time which 
elapsed before the menses became regular, 'and the symptoms, if any, 
which marked the period of adolescence. 

(2) The type of menstruation, i.e., twenty-eight-day type, thirty-day 
type, etc. 
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(3) The regularity of the menstrual flow. 

(4) The amount of flow. 

(5) The duration of flow. 

(6) The symptoms present during the period. 

(7) If the climacteric has taken place, the age at which it occurred, 
the symptoms of the transition, and the manifestations, if any, which 
have appeared since the change. 

(8) The number of children bom, if any, their ages and state of 
health; the number of children who may have died and the causes of 
their death; the number of miscarriages and their time relation to full 
term deliveries. 

As has already been stated, important light as regards syphilis in 
the patient’s anamnesis is thrown by the history of miscarriages. Fol- 
lowing marriage, if one pregnancy after another results in a miscar- 
riage, each of which occurs at a time somewhat later than its predecessor, 
one child being delivered dead at term and the next living only a short 
time, the evidence is practically complete that the mother has syphilis. 
Less marked variations of this sequence possess a significance only less 
important. One or more miscarriages scattered irregularly among full 
term deliveries of children who have survived and remained healthy 
have relatively little significance, so far as lues is concerned. 

In the majority of cases, local conditions are naturally at the basis 
of abnormalities revealed by the menstrual history. Many general states, 
however, are suggested by such anomalies, especially in the case of women 
in whom the menstrual function has previously been normal and who 
have not reached the age of the menopause. A few such general condi- 
tions may be cited, namely, tuberculosis, chlorosis. Graves’ disease, myx- 
edema and hypophysial disorders (acromegaly). 

SYMPTOMS WHICH MAY BE NOTED BY THE EXAMINER 
WHILE HE IS WRITING THE HISTORY AND BEFORE HE 
HAS BEGUN THE EXAMINATION PROPER 

At this point we shall consider, very briefly, certain matters which 
belong properly in the province of the physical examination and not in 
a chapter devoted to the writing of histories. However, the author has 
thought it advisable to risk the criticism of encroaching upon the field 
of physical diagnosis in order to emphasize the preeminent importance 
of the education of the physician’s sense of observation. Although it 
is no doubt true that the power to see manifestations in the patient is 
to some extent a gift not possessed by all, it is equally true that the 
man who tends to overlook what is obvious to another can educate 
his undeveloped or neglected sense of observation to no small degree. 

Perhaps by this repetition the author can assist in correcting an- 
other failing all too common among practitioners, namely, that of 
resorting at once to palpation, percussion or auscultation, before the 
eyes have been given a chance to observe. 
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The following are among the more important points of information 
(the list is by no means an exhaustive one) which the physician may 
have been able to gather upon meeting the patient, and during the 
preparation of the history, before he has begun the actual physical ex- 
amination. " 

Mental State. — A very fair idea of the patient’s mental condition 
should have been gained by the time the history has been written, pro- 
vided, of course, his sensorium is such that he can answer questions. 
Indeed, the diagnosis of the psychoses and neuroses must, in great part, 
rest upon what the patient says and his way of saying it, supplemented, 
if need be, by the statements of relatives and friends. 

Insanity', aside from quiescent periods which may be part and parcel 
of certain types, is usually easily recognized as such. The emotional 
side of hysteria will scarcely be held in complete abeyance while the 
individual is being questioned. There may be attacks of weeping, cry- 
ing, laughing, perhaps cries which mimic the sounds produced by animals, 
as barking, mewing, etc., or even a characteristic convulsive seizure espe- 
cially staged for the physician. The neurasthenic generally betrays him- 
self by his low-spirited and despondent mien, which’is apt to be reflected 
in his mode of approach and even in his dress; while as the recital of 
the history progresses, his all-embracing symptom-complex, his anxieties, 
his phobias, etc., confirm what observation alone has suggested. How- 
ever, the author cannot refrain from digressing to emphasize that if the 
examiner wishes to avoid serious error he must not make his final diag- 
nosis of hysteria or neurasthenia until th^ routine examination has been 
completed, for it not infrequently happens that one or the other of these 
conditions is superimposed upon the basis of an organic process. 

As regards the patient ’s sensorium we either recognize the individual 
to be in full control of his mental faculties, or, on the contrary, we 
note the presence of such deviations from the normal as coma, which 
may be of different degrees, varying from the form in which the patient 
may easily be aroused to that in which unconsciousness is absolute ; de- 
lirium, which may be quiet, noisy or mixed; or stupor, such as results 
from alcohol or opiates. 

Mode of Approach. — Such information as may be derived from ob- 
servation of the bedridden individual will be discussed below. The ambu- 
latory patient .cannot fail to make a very definite impression upon the 
physician, merely by his mode of approach. An erect carriage and an 
energetic gait point generally to some illness of a minor nature ; a bent 
figure and a slow, calculated walk, to a serious illness or perhaps to 
mental depression. An unusual gait may clinch the diagnosis — or a por- 
tion of it, at least — at a glance (tabes dorsalis, hip-joint disease, hemi- 
plegia, paralysis agitans, etc.). 

Facial Expression. — ^Data of great diagnostic value may bie derived 
from a close observation of the patient’s facial expression. First of all, 
conclusions as to his mental state (see above) are based not only upon 
the content, mode of recital and coherence of his story, but also in 
great part upon the impression conveyed to the examiner by the play 
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of his facial muscles. Intelligence and the varying degrees of lack of 
intelligence qiiiekly reveal themselves by subtleties of expression. The 
hysterical grimace or purposeless smile are unmistakable, as are also 
the depressed mien of the neurasthenic. 

The expression* conveys also such subjective states as pain, anxiety, 
agitation, uneasiness and care, and gives one a very fair idea of the 
severity of the patient’s illness. The face is furthermore a good index 
of the presence of fever, which is recognizd by a characteristic luster 
of the eyes and a redness and turgidity of the skin ; while the sick indi- 
vidual may in some eases appear peculiarly animated and in others ex- 
tremely depressed and dull. 

Also characteristic are the distress and anxiety of dyspneic patients, 
the hunted expression in the more advanced stages of pulmonary tuber- 
culosis, the facies hippocratiea of peritonitis, the mask-like face of Parkin- 
son ’s disease, the risus sardonicus of tetanus, the adenoid facies,, the 
acromegalic face (large features, prognallums jaw), and the absent play 
of the facial muscles in Bell’s palsy. 

Position in Bed. — Many diseases may be characteristically indicated 
by the position assumed by the bed-ridden individual. This is illus- 
trated by the ease of the typhoid patient, for example. After the nurse 
has given him his morning care, he will remain until disturbed in the 
position in which he is left, namely, flat on his back in the middle of the 
bed. The resemblance of one case of typhoid to another is truly remark- 
able. The individual with disease of the thoracic organs, on the con- 
tfary, generally prefers to lie upon his side. Such a condition may prop- 
erly be assumed to exist if the patient maintains the lateral posture 
when the physician enters the sick room and even when he is addressed. 
If pain dominates the picture, the sick man generally prefers to lie upon 
the unaffected side, as the weight of the body tends to increase the dis- 
tress. If, on the contrary, the pulmonary function is limited (in pneu- 
monia, fluid or air causing collapse of one lung), lying upon the in- 
volved side is preferable, as the healthy — or relatively healthy — side is 
unimpeded and can better do the work of both. In some cases, however, 
in which the pain and restrained breathing are more or less dependent 
one upon the other, the patient is likely to lie upon the side in which the 
pathology is located, as the body weight tends to act as a splint and 
thus limits the painful excursions. 

In cardiac disease the patient may assume any of several positions, 
the comfortable one in the particular case being that in which the heart 
can best work under the disadvantages present. 

In the severest grade of dyspnea — orthopnea — the patient can find 
a fair degree of comfort only by assuming the upright position, in a 
chair or propped up in bed, a position which gives the accessory ihuscles 
of respiration the freest play and allows the diaphragm to descend more 
readily, if fluid is present in the abdomen. 

In meningitis^ owing to muscular rigidity, certain constrained posi- 
tions are common — opisthotonos, and more frequently, orthotonus. In 
conditions of peritoneal irritation, one or both thighs may be flexed to 
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relieve the tension upon the psoas muscles and thus to reduce the intra- 
abdominal tension — ^the right thigh in appendicitis, both in diffuse peri- 
tonitis. In some abdominal conditions associated with pain — colic, for 
example — the patient finds the greatest relief by lying upon the abdomen. 

Finally, in eases in which the history has made a tentative diagnosis 
possible, the tendency of the patient to remain in a given position may 
suggest the localization of the process. In saccular bronchiectasis, for 
example, one may be reasonably sure that the patient does not choose 
the position which provokes cough with its attendant large expectora- 
tion. In presumptive gastric ulcer we have at least the right to assume 
that if the left lateral position is the most comfortable one the ulcer is 
not in the neighborhood of the pylorus, or, if lying upon the abdomen 
gives the greatest relief, that the ulcer involves the posterior wall of 
the stomach. 

Examples of the diagnostic importance of the patient’s position in 
bed or of certain constrained attitudes might be multiplied almost in- 
definitely ; however, the illustrations cited give a very fair idea of what 
observation may reveal in this province. 

Relation of Appearance and Age. — Almost involuntarily, the ex- 
aminer tells himself that one individual looks his age, that another looks 
years younger than his age, and that a third man appears considerably 
older than his years. The young-looking old man has in all probability 
taken good care of himself as regards food, tobacco, alcohol, exercise, 
etc., while the chances are that the old-appearing young man has in- 
dulged to excess in certain things recognized to be harmful. Factor^ 
causing exceptions to these presumptive diagnoses are previous freedom 
from illness, or the occurrence of considerable previous illness, respec- 
tively, and the tendency of the members of some families to retain a 
youthful appearaiK'e and of others to age prematurely. 

State of Nutrition. — Although it is not possible to tell by observation 
alone whether the patient has lost moderately in weight or whether he 
has gained slightly or markedly in weight, it is generally not difficult 
to determine at a glance that there has been a considerable loss of weight. 
One may see this, perhaps, in the loose fit of the clothes, but more par- 
ticularly in the shrunken appearance of the face, in the hollows about 
the face, and in some cases by the looseness of the skin of the face. Once 
it has been determined that the individual has lost a good deal of weight, 
the commoner causes of such a state (malignancy, tuberculosis, dia- 
betes mellitus. Graves’ disease) are automatically suggested to the ex- 
aminer. 

Some experience also enables the physician to judge whether the pa- 
tient conforms approximately to the age-height-weight-sex ratio, or 
whether 'he varies from this ratio in one direction or the other. 

Skin and Mucous Membranes. — Observation may yield considerable 
information regarding the skin and mucous membranes, even from those 
parts visible before the patient has pn^pared himself for examination. 
The color associated with good health need not be dwelt iupon. It must 
not be supposed, however, because the skin is pale, that the individual 
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is anemic, for although this is frequently the case, the pallor may be 
congenital and due to the narrow caliber of the cutaneous vessels. If 
the condition is distinguishable at the distance at which the physician 
sits from the patient, and if it is evident that the pallor involves also 
the lips, the lobes of jthe ears and the gums, then the diagnosis of anemia 
is justifiable. The interpretation of generalized abnormal coloring of 
the skin will of course be obvious — jaundice, cyanosis, pigmentation, etc. 

Many diseases of the skin involve characteristically the covering of 
those parts (face, neck and hands) which are being considered in the 
visual examination. A few may be cited, such as acne, erythema multi- 
forma, eczema, certain of the syphilids — ^the corona veneris, for example 
— herpes simplex, lupus erythematosus, and some of the contagious exan- 
themata (measles, scarlatina with its circumoral pallor, etc.). 

Hair and Nails. — It may perhaps be noted that the hair of the head 
is fine and lustrous, or that it is coarse and dead (as in myxedema). 
Seborrheic eczema is usually recognized at a glance from the branny 
scales on the hair, which may be either oily (oily seborrhea) or dry 
(dry seborrhea). Equally obvious are the alopecias — ^luetic, alopecia 
areata, and that most cy^mrnon form which generally defies a search for 
its cause and therapy. The characteristic lesions of psoriasis also may 
frequently be seen at the hair-line of the forehead. 

The nails may also show a great deal. The care bestowed upon these 
appendages throws a good deal of light upon the habits of the individual. 
The nails of the wordier in lead often strikingly indicate the reason why 
a particular individual has been poisoned by the metal. Many diseases 
involving the skin likewise leave their mark upon the nails (eczema, 
syphilis, psoriasis). Blueness of the nails associated with clubbed fingers 
will be mentioned in another place. 

•The Lymph-nodes. — The cervical chains of nodes are the only ones 
visible as the patient’s history is being written, and these must have 
attained a certain size before they attract attention. Among the char- 
acteristic pictures at once suggested to the experienced eye are the collar 
of glands in Hodgkin’s disease, and the enlargements, with fistulas, of 
tuberculosis. 

Vasomotor Disturbances. — The patient whose hand is shak(‘n in greet- 
ing may at once betray the instability of his vasomotor system by his 
moist grip ; or, he may frequently wipe his hands with his handkerchief 
during the course of the questioning. Another manifestation of this same 
instability is the flushing, or alternate paling and flushing, seen in the 
faces of some patients. 

Cough and Expectoration. — A very fair presumptive diagnosis can 
often be made from a clo.se observation of the type of cough or the char- 
acter of the expectoration of some individuals, if the physician is 
present at a favorable moment. The brassy cough of aneurism of the 
aorta or of sqme other mediastinal tumor, the whoop of pertussis, the 
hollow, toneless cough of advanced tuberculosis and the productive cough 
of pulmonary cavities, brought on b^ a change of position, may be cited 
as illustrations. 
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If the patient expectorates during the preparation of the anamnesis, 
the physician is often enabled to obtain much information from the 
character of the sputum. One suspects pulmonary ^oftening (abscess, 
tuberculosis) if a large amount of purulent material is brought up at 
frequent intervals; bronchiectasis is indicated if the ‘expectoration is a 
*^mouthfur^; lobar pneumonia when the sputum is rusty; tuberculosis, 
or perhaps cardiac disease, when the material is blood-streaked, and 
gangrene when the never-to-be-mistaken odor is present. 

The Breathing.^ — The orthopnea of decompensated hearts has already 
been mentioned. Other characteristic types are the dyspnea, with ex- 
piratory grunt, of pneumonia, the expiratory difficulty of emphysema, 
the inspiratory dyspnea, with recourse to the accessory muscles of respi- 
ration and fixed position of the spine and arms, in stenosis of the upper 
air-passages (diphtheria, foreign body), the asthmatic type with its 
easily-heard wheeze (true bronchial asthma, cardiac and renal disease), 
the air-hunger of diabetic coma, and the Cheyne-Stokes type of breathing 
occurring particularly in uremia and in cardiac and intracranial con- 
ditions. 

The Voice and the Speech. — The severely ill o» extremely weak indi- 
vidual generally betrays his condition by his voice ; the tonal quality of 
the latter suffers also in dyspneic states. The “ thick voice of chronic 
alcoholism, furthermore, is quite distinctive. Ulcerative processes (syph- 
ilis, tuberculosis, cancer) involving the cords give to the voice a rau- 
cous quality that is unmistakable. Paralyses of the vocal cords pro- 
duce an aphonia which must at once guide the trend of the examina- 
tion. 

The speech of certain diseases (multiple sclerosis, general paresis and 
bulbar paralysis) may also be characteristic. 

The Eyes. — During the progress of the history writing the physician 
may observe few or many eye symptoms, depending upon how close 
he is to the patient, and how favorable the light is. When one or more 
extrinsic muscles are paralyzed the fact is of course obvious, although 
the examination proper must determine the details of the paralysis. The 
same is true of an injection of the visible blood-vessels, i.e., the redness 
of the eye may be due to conjunctival or to circumcorneal injection, 
which the later examination must reveal, as well as determining the cause 
of the injection (foreign body, type of organism, etc.). 

Cataract is often recognized at a glance. Inequalities of the pupils 
of sufficient degree are also frequently evident in a good light. Uni- 
lateral or bilateral exophthalmos is, of course, obvious. In addition, 
mere observation is sufficient to make a diagnosis of a number of diseases 
of the external eye which need not be enumerated at this point. 

The Eara. — Defective hearing in both ears is quickly noted ; if, how- 
ever, only one ear is involved, practice may have made the patient so 
proficient in concealing the weakness by the use of the sound, or sounder, 
ear, that the fact may escape the examination by observation. 

Observation may also not infrequently reveal the presence of gouty 
tophi in the ears. 
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The Teeth. — Information as to the teeth may in some cases be ob- 
tained by observation alone, particularly in the case of individuals who 
have a habit of showing their teeth. Notched incisors, ulcerative con- 
ditions of the glims, missing teeth and pyorrhea are among the condi- 
tions which may, occasionally be revealed by an examination carried 
out under the limitations imposed. 

The Breath and the Body Odor. — ^The ordinary bad breath, although 
frequently evident even at a distance, indicates only one of a number of 
possible causes. Certain breaths, on the other hand, are highly signifi- 
cant. Of the odor due to the recent drinking of alcohol, nothing need 
be said. Just as characteristic, although not easy to describe, is the 
breath of the chronic drinker. The fruity breath of the diabetic, due 
to acetone, is diagnostic, although it is said that all physicians are not 
able to appreciate this odor. The frightful odor of pulmonary gangrene 
baffles description. As another example of a diagnostic breath, finally, 
may be mentioned that of uremia, which is urinary in character. 

Patients with certain diseases are said to give off body odors char- 
acteristic of those diseases. Among the latter are typhoid fever, small- 
pox and syphilis. 

The Extremities. — The hands are visible in this examination, and 
characteristic symptoms or conditions may be observed in certain cases. 
Clubbed fingers — the broadening of the terminal phalanges with an exag- 
gerated arching and cyanosis of the nail — indicate principally congenital 
heart disease and bronchiectasis, and less often other cardiac and pul- 
monary conditions. One may note also the red periarticular swellings 
of rheumatic fever, the deformed joints of subacute and chronic infec- 
tious arthritis, the chalky nodules of gout, Heberden’s nodes, the large 
hand of acromegaly, the changes associated with Raynaud ^s disease, 
erythromelalgia and thrombo-angiitis obliterans, the spindle-shaped en- 
largements of one or more digits due to tuberculosis or to syphilis, and 
the ‘‘claw-hand” of, paralysis of the median or ulnar nerve. 

The Abdomen. — Observation reveals little regarding the abdomen, 
except the presence of considerable enlargement, the cause of which must 
be determined by the examination to follow. 

Edema. — As the patient, clothed, sits before the physician, the latter 
can observe edema of the eyelids, if present, edema of the entire face, 
swelling of the hands, swelling of the thighs and perhaps of the legs, 
if very marked, and finally edema of the ankles, if the individual presents 
himself with loosened shoe-laces. 

Visible Nervous Manifestations. — Certain characteristic gaits have 
already been -mentioned (p. 588). Tremors of various types may be ob- 
served in different localities. This symptom is perhaps most frequent in 
the hands, and the type of the movement in certain diseases may be very 
characteristic (paralysis agitans, multiple sclerosis, old age). A trem- 
bling of the eyelids is often seen in neurasthenia. Occasionally the 
patient is first seen at the beginning or during the course of a general 
convulsion. This may be of the epileptic type (tonic followed by clonic 
movements), of the tetanic form, as in tetanus, or of the jacksonian type 
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in which the convulsive wave, beginning at one point — ^usually an ex- 
tremity — progressively involves the entire body. 

The large, incobrdinated movements of chorea are at once noted, 
as are athetoid movements of the fingers and the spjfsm of the hands 
in tetany. That ominous symptom — subsultus tendinign, i.e., the leaping 
of the tendons of the back of the hands and wrist — is seen especially 
in typhoid fever. Ha^it spasms (tics) most often involve the face, 
throat and shoulders, although the hands may be affected. 

Paralyses can ♦frequently be made out by observation only. It is 
possible in some cases to say that the patient whose history is being 
written suffers from hemiplegia (the gait has already been noted), from 
monoplegia or paraplegia. Or one may observe that the paralysis is 
flaccid, involving a peripheral neuron, as in poliomyelitis, or spastic, due 
to a cerebral lesion. The former hypothesis is strengthened if consider- 
able atrophy can be made out, the latter if the atrophy is not prominent. 

In the foregoing pages the effort has been made to show how rich 
the information is which may be derived from observation alone. All 
of the data contained in these pages can be stored^ away in the physi- 
cian’s mind during the progress of the history taking and before the 
examination proper has been started. It may be added that these data 
are by no means all-inclusive, but are given only as the more impo-rtant, 
perhaps, of the signs and symptoms to be gathered under these conditions. 

In conclusion, it may be said that with a history taken and analyzed 
under the conditions discussed above, the examiner should feel that h^ 
has built a substantial foundation for his diagnosis. 
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